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EXECUTIVE  SUMMARY 


INTRODUCTION 

In  accordance  with  the  Federal  Facility  Agreement,  the  Department  of  the  Army  (the  Army) 
is  in  the  process  of  implementing  the  Basin  F  Liquid  Interim  Response  Action  (IRA)  at  the 
Rocky  Mountain  Arsenal  (RMA).  As  part  of  this  action,  the  Army  has  selected  a 
proprietary  incineration  system  to  treat  the  Basin  F  liquid  presently  stored  in  three 
aboveground  storage  tanks  (totaling  4  million  gallons)  and  an  engineered  surface 
impoundment,  Pond  A  (totaling  approximately  6.5  million  gallons).  The  incineration  system 
is  a  submerged  quench  incinerator  (SQI)  developed,  fey  T-Thermal,  Inc.  of  Conshohocken, 
Pennsylvania.  This  selection  process  has  been  dopmentei^the  Final  Decision  Document 
for  the  Basin  F  Liquid  Treatment  Interim  ReiponspAction  (Woodward-Clyde,  1990). 

Subsequently,  the  Army  has  tasked  Roy  (WESTON)  to  design  and  construct 

the  incineration  facility.  As  part  o||||it  aslij^ment,  WESTON  has  prepared  this  report, 
entitled  Draft  Human  Health  Ri^Ass^SiSeaf"-  Volumes  I  and  II.  which  has  been  written 
to  establish  risk-based  numerk«lia^^an  limits  for  the  incineration  facility.  All  supporting 
documentation  is  providedfp  Volunii  II  Appendices.  A  summary  of  the  numeric  emission 
limits  was  included  in  the  Dnfelrppfementation  Document  (WESTON,  December,  1990). 

Prior  to  the  performance  of  the  risk  assessment,  a  document  entitled  Ambient  Air  Quality 
Modeling  and  Health  Risk  Assessment  Protocols  was  submitted  by  WESTON  (September, 
1990)  to  the  U.S.  Environmental  Protection  Agency  (EPA)  Region  VIII  office  in  Denver, 
Colorado,  with  copies  sent  to  the  Program  Manager  for  the  Rocky  Mountain  Arsenal. 
Comments  were  received  from  EPA  and  the  Army  (October  18, 1990).  The  comments  were 
addressed,  and  a  revised  protocol  was  submitted  to  the  Army  (WESTON,  December,  1990). 
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OBJECTIVES  AND  APPROACH  OF  THE  RISK  ASSESSMENT 


The  criteria  used  to  establish  risk-based  numerical  emission  limits  for  the  SQI  were  stated 
in  the  Final  Decision  Document  (Woodward-Clyde,  1990)  as  follows: 


•  To  be  consistent  with  EPA  guidance  that  CERCLA  remedial  actions  be 
protective  of  human  health  and  the  environment,  operation  of  the  SQI  facility 
should  create  no  cumulative  excess  cancer  risk  higher  than  IE-06  (1  in  1 
million)  for  carcinogens,  or  hazard  index  greater  than  1  for  noncarcinogenic 
compounds,  in  the  nearest  exposed  population,  whether  on  or  off  the  arsenal. 

•  Should  either  of  these  criteria  be  exceeded,  an  analysis  of  the  contributing 
factors  would  be  presented  to  the  app|ppriate  agencies,  as  outlined  in  the 
Final  Decision  Document  (Woodw§ri|-O^d|,  1990),  to  determine  whether  a 
change  in  design  would  be  necessgp'. 

To  accomplish  these  objectives,  WESTO^Ehepnduii^a  multiple  exposure  pathway,  human 
health  risk  assessment  using  the  followin|i^d@S|its  as  general  guidance: 

•  Risk  Assessment  G^an<pfopSuperfund:  Human  Health  Evaluation  Manual 
(EPA,  1989).  .^3(1 

•  Methodology  for  Assessing  Health  Risks  Associated  with  Indirect  Exposure 
to  Combustof  llinissiOhs  (EPA,  1990). 


The  risk  assessment  process  consisted  of  the  following  specific  steps: 


Characterization  of  Land  Use  --  On-site  and  off-site  land  and  water  uses  were 
evaluated  to  identify: 

Potentially-exposed  populations  in  areas  affected  by  incinerator 
emissions 

Population  activities  relating  to  potential  pathways  of  exposure 

Selection  of  Chemicals  and  Determination  of  Emission  Rates  -  Data  from 
test  burns,  waste  stream  analyses,  and  hazardous  waste  emissions  inventories 
were  evaluated  to  estimate  emission  rates  for: 
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Principal  organic  hazardous  constituents,  including  products  of 
incomplete  combustion  and  dioxins/furans 

Trace  metals 


Criteria  pollutants  and  acid  gases 

Air  Quality  and  Deposition  Modeling  Analysis  --  Ambient  air  dispersion  and 
deposition  analyses  of  incinerator  emissions  were  conducted  according  to 
conservatively  modified  versions  of  EPA-approved  models  (Industrial  Source 
Complex  Short-Term  Model  (ISCST)  and  UNAMAP  VI  version  of  ISCST, 
respectively).  Isopleths  were  plotted  to  determine  areas  of  maximum  air 
dispersion  and  total  (wet  and  dry)  surface  deposition  for  a  10-kilometer  radius 
around  the  incinerator. 


Determination  of  Kev  Pollutants  ^ji&ipathwavs  --  Land  and  water  use 
information,  pollutant  emission  rgfep:'  dati||pd  air  quality  and  deposition 
modeling  results  were  integratqdjib  ^etermli  chemical  specific  exposure 
pathways  of  concern  for  adultsj€§|ildlpfi  and  infants. 


Air  pathway  - 

Inhalation;:^ 


;iPiffiS;i;qfwi|iption 
:i|pil/Diigi  ingestion 
‘^IgetaMp  consumption 
Miliilpnsumption 
Beef  consumption 


Surface  water  pathway 
fish  consumption 
drinking  water  consumption 


Breast  milk  consumption 

Exposure  Assessment  -  Average  and  maximum  lifetime  daily  intakes  were 
calculated  for  adults,  children,  and  infants  in  four  maximum  exposure 
scenarios  under  base  case  (average  expected)  and  sensitivity  case  (reasonable 
worst  case)  emissions  condition.  Figure  ES-1  illustrates  specific  pathways 
evaluated  for  each  scenario. 
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ES-4 


FIGURE  ES-1  FOUR  EXPOSURE  SCENARIOS  ADDRESSED  IN  THE  RISK  ASSESSMENT 
FOR  THE  SQI,  ROCKY  MOUNTAIN  ARSENAL,  COLORADO 


Resident  A  --Located  at  maximum  off-site  residential  area  of  dry 
deposition  and  air  concentration. 


Resident  B  -  Located  at  maximum  off-site  residential  area  of  total 
deposition. 

Farmer  —  Located  at  maximum  off-site  agricultural  area  of  total 
deposition. 

Worker  --  Maintenance  worker  on-site  exposed  to  area-weighted  total 
deposition  and  air  concentration. 

•  Toxicity  Assessment  -  Exposure  route-specific  carcinogenic  slope  factors  and 

noncarcinogenic  reference  doses  were|v  determined  for  each  chemical 
evaluated.  J§llh;. 

.  Risk  Characterization  -  TotaL;||ifetime;^%:ess  carcinogenic  risk  and 
noncarcinogenic  hazard  indices  tgpe  calculated  for  each  scenario,  by  chemical 
and  exposure  pathway. 

•  Uncertainty  and  Sensitivit^l^hii^es^ljncertainties  and  assumptions  in  the 
risk  assessment  were  evaluated.  A  quantitative  sensitivity  analysis  was 
performed  on  those  j^jpitetefsl|iving  the  major  influence  on  the  risk  results. 

Health  Risk-Based  Numerical 

Health  risk-based  numerical  '^|ssph  limits  are  not  intended  to  represent  emission  rate 
criteria  for  demonstrating  compliance  with  action  and  chemical  specific  applicable  or 
relevant  and  appropriate  requirements  (ARARs).  Compliance  with  ARARs  will  be 
demonstrated  through  implementation  of  monitoring  procedures,  trial  bums,  and  stack  tests. 


The  list  of  chemicals  evaluated  with  their  respective  emission  rates  determined  under 
average  expected  (base  case)  and  reasonable  worst  case  (sensitivity  case)  conditions  of 
operation  are  shown  in  Table  ES-1. 


Under  base  case  conditions,  which  are  conservative  upper  bound  estimates  of  continuous 
operating  conditions,  both  total  lifetime  excess  carcinogenic  risks  and  noncarcinogenic 
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Table  ES-1 


Emission  Rates  for  Rocky  Mountain  Arsenal 
Basin  F  Waste  Submerged  Quench  Incinerator 


Category/ 

Pollutant 

( ton/yr ) 

Base  Case  (a) 

db/hr) 

(g/sec) 

(ton/yr) 

Sensitivity  Case  (b) 

(lb/hr) 

Dioxins/Furans 

U.S.  EPA  TEF 

4.16E-09 

1.19E-09 

1.50E-10 

6.63E-08 

1.90E-08 

2.39E-09 

Metals 

Aluminum 

1.80E-02 

5.15E-03 

6.49E-04 

2.50E-02 

7.14E-03 

8.99E-04 

Antimony 

6.34E-04 

1.81E-04 

2.28E-05 

1.08E-01 

3.10E-02 

3.90E-03 

Arsenic 

3.59E-03 

1.03E-03 

1.29E-04 

8.67E-03 

2.48E-03 

3.12E-04 

Barium 

8.79E-04 

2.51  E-04 

3.16E-05 

1.83E+01 

5.24E+00 

6.60E-01 

Beryllium 

3.66E-05 

1.05E-05 

1.32E-06 

1.53E-03 

4.37E-04 

5.50E-05  * 

Boron 

2.68E-02 

7.65E-03 

9.63E-04 

3.63E-02 

1.04E-02 

1.31  E-03  i 

Cadmium 

1.04E-04 

2.98E-05 

3.76E-06 

2.03E-03 

5.79E-04 

7.30E-05  1 

Calcium 

1.54E-01 

4.39E-02 

5.53E-03 

2.93E-01 

8.36E-02 

1.05E-02 

Chromium 

2.47E-04 

7.05E-05 

8.88E-06 

3.32E-04 

9.49E-05 

1.20E-05  | 

Cobalt 

7.89E-04 

2.25E-04 

2.84E-05 

8.13E-04 

2.32E-04 

2.93E-05 

Copper 

3.35E+00 

9.59E-01 

1.21E-01 

6.35E+00 

1.82E+00 

2.29E-01 

Iron 

4.77E-02 

1.36E-02 

1.72E-03 

8.13E-02 

2.32E-02 

2.93E-03 

Lead 

1.12E-03 

3.21E-04 

4.05E-05 

3.33E-02 

9.52E-03 

1.20E-03  1 

Lithium 

1.10E-04 

3.14E-05 

3.96E-06 

2.07E-04 

5.92E-05 

7.45E-06  1 

Magnesium 

1.43E-01 

4.08E-02 

5.14E-03 

2.39E-01 

6.81E-02 

8.59E-03 

Manganese 

6.16E-03 

1.76E-03 

222E-04 

6.93E-03 

1.98E-03 

2.50E-04 

Mercury 

9.93E-04 

2.84E-04 

3.57E-05 

1.08E-01 

3.10E-02 

3.90E-03 

Molybdenum 

1.10E-02 

3.15E-03 

3.97E-04 

1.14E-02 

3.25E-03 

4.09E-04 

Nickel 

2.86E-02 

8.18E-03 

1.03E-03 

2.97E-02 

8.49E-03 

1.07E-03 

Potassium 

1.14E+00 

3.25E-01 

4.09E-02 

2.54E+00 

7.24E-01 

9.13E-02  ! 

Selenium 

9.20E+00 

2.63E+00 

3.31E-01 

9.20E+00 

2.63E+00 

3.31E-01  1 

Silicon 

1.58E-01 

4.52E-02 

5.70E-03 

1.89E-01 

5.41E-02 

6.81E-03 

Silver 

9.52E-02 

2.72E-02 

3.43E-03 

1.08E+00 

3.10E-01 

3.90E-02 

Sodium 

1.17E+02 

3.34E+01 

421E+00 

5.56E+02 

1.59E+02 

2.00E+01  1 

Strontium 

3.66E-05 

1.05E-05 

1.32E-06 

5.66E-05 

1.62E-05 

2.04E-06  1 

Thallium 

9.25E-03 

2.64E-03 

3.33E-04 

1.08E-01 

3.10E-02 

3.90E-03 

Tin 

8.09E-03 

2.31  E-03 

2.91E-04 

8.79E-03 

2.51E-03 

3.16E-04 

Titanium 

6.10E-05 

1.74E-05 

2.20E-06 

1.07E-04 

3.07E-05 

3.87E-06 

Vanadium 

2.34E-03 

6.68E-04 

8.42E-05 

2.62E-03 

7.49E-04 

9.44E-05 

Yttrium 

NA 

NA 

NA 

2.14E-05 

6.11E-06 

7.70E-07 

Zinc 

1.63E-02 

4.65E-03 

5.86E-04 

3.34E-02 

9.54E-03 

1.20E-03  | 

Organics 

1 

1 ,1-Dichloroethene 

3.81  E-ll 

1.09E-11 

1.37E-12 

1 ,2-Dichloroethene 

2.65E-11 

7.57E-12 

9.53E-13 

| 

1 ,2-Dichloropropane 

3.07E-12 

8.77E-13 

1.11E-13 

| 

1 ,3-Dimethy  lbenzene 

2.72E-08 

7.77E-09 

9.79E-10 

Acetone 

1.07E-11 

3.07E-12 

3.87E-13 

Ammonia 

3.26E-03 

9.32E-04 

1.17E-04 

1 

Benzene 

1.40E-07 

3.99E-08 

5.03E-09 

1 

Bromomethane 

1.36E-08 

3.89E-09 

4.90E-10 

Carbon  Tetrachloride 

4.34E-11 

124E-11 

1.56E-12 

Chlorobenzene 

3.37E-08 

9.62E-09 

1.21E-09 

Chloroform 

6.87E-12 

1.96E-12 

2.47E-13 

* 

Ethylbenzene 

4.08E-08 

1.17E-08 

1.47E-09 

Methanol 

1.63E-07 

4.65E-08 

5.86E-09 

Methylene  Chloride 

1.36E-08 

3.89E-09 

4.90E-10 

Te  tra  chlo  ret  hen  e 

5.43E-10 

1.55E-10 

1.95E-11 

Toluene 

6.80E-08 

1.94E-08 

2.45E-09 

Trichloroethene 

8.33E-11 

2.38E-11 

3.00E-12 

Xylene 

2.72E-08 

7.77E-09 

9.79E-10 

4-Chlorophenylmethylsulfone 

2.52E-11 

7.21E-12 

9.08E-13 

4-Chlorophenylmethylsulfoxide 

9.40E-11 

2.69E-11 

3.38E-12 

4-Nitrophenol 

5.76E-11 

1.64E-11 

2.07E-12 

Aldrin 

6.91E-12 

1.97E-12 

2.49E-13 

Atrazine 

1.54E-12 

4.39E-13 

5.53E-14 

Table  ES-1 

(continued) 


Table  ES-1 
(continued) 


Category/ 

Pollutant 

(ton/yr) 

Base  Case  (a) 

db/hr) 

(g/sec) 

(ton/yr) 

Sensitivity  Case  (b) 

db/hr) 

(g/sec)  f 

Arid  Gases  &  Other  Compounds 

Particulate  Matter 

14.00 

(c) 

4.00 

0.50 

14.00 

4.00 

Carbon  Monoxide 

4.71 

1.35 

0.17 

7.29 

(e) 

2.08 

0.26 

Hydrogen  Chloride 

4.73 

(d) 

1.35 

0.17 

14.00 

<f> 

4.00 

Hydrogen  Fluoride 

0.17 

0.049 

0.006 

0.32 

0.092 

0.012 

Nitric  Acid 

3.85 

1.10 

0.14 

3.85 

1.10 

0.14 

Nitrogen  Dioxide 

32.13 

9.18 

1,16 

143.22 

<ft 

40.92 

5.16 

Phosphate 

3.44 

0.98 

0.12 

15.04 

4.30 

0.54 

Sulfuric  Acid 

10.40 

2.97 

0.37 

17.34 

4.96 

0.62 

Sulfur  Dioxide 

24.43 

(d) 

6.98 

0.88 

101.50 

<P 

29.00 

3.65 

(a)  These  estimates  are  based  upon  the  acceptable  results  during  the  test  bum  for  dioxins /furans  and  the  maximum  of  the  acceptable 
test  results  or  the  maximum  of  the  averages  waste  stream  data  for  inorganics  (including  metals,  acid  gases  and  other  compounds). 

The  volatile  and  semi-volatile  organic  emissions  are  based  upon  Dellinger's  analysis  of  the  maximum  of  the  averages  wastestream  data. 

(b)  For  metals:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum,  the  maximum  of  the  maximum  values  from  the 
wastestream  data,  and  the  EPA  Guidance  Tier  II  limits  for  complex  terrain. 

For  dioxins/ furans:  based  upon  the  95%  confidence  interval  from  WESTON's  hazardous  waste  incinerator  emissions  database. 

For  acid  gases  &  other  compounds:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum  and  the  maximum  of  the 
maximum  values  from  the  wastestream  data. 

(c)  Based  upon  Colorado's  emission  limitation  of  0.08  gr/dscf  @  12%  C02. 

(d)  Based  upon  the  February  1989  test  bum,  which  tested  for  the  specific  compound. 

(e)  Based  upon  Federal  emission  limitation  of  100  ppm. 

(0  Based  upon  vendor  performance  guarantees. 


T7  C  O 


hazard  indices  satisfied  the  criteria  specified  in  the  Final  Decision  Document  (Woodward- 
Clyde,  1990).  That  is,  for  any  scenario,  total  lifetime  excess  carcinogenic  risk  was  less  than 
IE-06  (1  in  1  million)  and  hazard  index  scores  were  less  than  1.  The  results  are  briefly 
summarized  in  Table  ES-2. 

In  conclusion,  the  Resident-A  scenario  represents  the  nearest  most  exposed  population 
because  it  demonstrates  the  highest  carcinogenic  and  noncarcinogenic  health  risk; 
nevertheless,  these  risk  results  satisfy  the  acceptance  criteria  for  cancer  risk  and 
noncarcinogenic  health  effects.  Therefore,  in  accordance  with  the  Final  Decision  Document 
(Woodward-Clyde,  1990),  the  operation  of  the  SQI  under  base  case  emissions  conditions 
would  meet  the  requirements  of  EPA  guidance ;.;Ji^|CERCLA  remedial  actions  to  be 
protective  of  public  health.  jP'  !nliin 


Sensitivity  case  emissions  conditions  represent  reaiSfiable  estimates  of  worst  case  continuous 
operating  conditions.  Under  sensitivity^liasdlisil^ions  conditions,  the  calculated  total 
lifetime  excess  carcinogenic  risk  satjip|||  thdflteria  of  IE-06  in  all  four  scenarios;  however, 
in  several  cases,  hazard  indices  a  small  margin  (see  Table  ES-3). 

The  excursions  above  un|J'were  primarily  related  to  the  hazard  quotient  values  in  the 
inhalation  pathway  for  two  ifii|akjparium  and  silver.  Barium  contributed  49  percent  and 
silver  29  percent  to  the  total  hazard  index  in  each  specific  scenario. 

In  accordance  with  guidance  established  by  EPA  (Risk  Assessment  Guidance  for 
Superfundl.  it  was  concluded  that  these  exceedances  of  unity  were  not  of  concern  for  the 
following  reasons: 

•  EPA  Tier  II  guidance  values  for  hazardous  waste  emissions  were  used  to 
provide  a  highly  conservative  estimate  of  sensitivity  case  emissions  for  several 
metals,  including  barium  and  silver.  These  values,  which  were  not  required 
for  inclusion  in  this  risk  assessment,  were  four  orders  of  magnitude  greater 
than  the  maximum  values  obtained  from  test  burn  data.  Noncarcinogenic  risk 
(i.e.,  hazard  index)  is  assumed  to  be  linearly  proportional  to  emission  rate, 
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Table  ES-2 


Cancer  Risk  and  Hazard  Indices  Under 
Base  Case  Emissions  Conditions 


Total  Lifetime3 

Exposure  Scenario 

Excess  Cancer  Risk 

Hazard  Index 

Resident  A 

1.5  E-08 

Adult 

0.3 

Child 


0.8 


Infant 


0.5 


Resident  B 
Adult 
Child 
Infant 
Farmer 

Adult 

Child 

Infant 

Worker 

Adult 


aRepresents  the  sum  of  adult,  child,  and  infant  carcinogenic  risk  for  each  scenario. 
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Table  ES-3 


1 

8 

■ 

f 

I 

8 
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Cancer  Risk  and  Hazard  Indices  Under 
Sensitivity  Case  Emissions  Conditions 


Total  Lifetime 

Exposure  Scenario 

Excess  Cancer  Risk 

Hazard  Index 

Resident  A 

6.1  E-08 

Adult 

1.8 

Child 

4.0 

Infant 

2.6 

Resident  B 

1.0  E-08  jSl| 

Adult 

**"  * 

f  0-3 

Child 

0.6 

Infant 

0.4 

Farmer 

Adult 

0.6 

Child 

. ’^Bf 

1.4 

Infant  .Ji 

0.9 

Worker 

It  jf  2.2E-09 

Adult 

0.2 
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and  therefore,  the  total  hazard  index  scores  would  fall  well  below  the  level  of 
concern  (i.e.,  1.0)  if  the  more  realistic  empirical  data  were  used. 

For  conservativeness,  and  for  consistency  with  other  routes  of  exposure, 
chronic  inhalation  reference  doses  (RfDs)  were  used  to  estimate  risk,  even 
though  the  duration  of  inhalation  exposure  is  of  a  subchronic  nature  (i.e.,  less 
than  seven  years).  The  subchronic  RfDs  for  barium  and  silver  are  one  order 
of  magnitude  higher  than  their  subchronic  RfDs;  therefore,  the  revised  hazard 
quotients  for  barium  and  silver  would  be  one  order  of  magnitude  lower  than 
values  presented  in  this  analysis.  This  would  result  in  a  net  decrease  of  the 
total  hazard  indices  to  less  than  1.0  in  all  cases. 


CONCLUSIONS 


A  multipathway  human  health  risk  assessment  wgpbn<$l|ted  by  WESTON  for  the  Army’s 
proposed  submerged  quench  incinerator  for  thpla^F  Liquid  Project  at  Rocky  Mountain 
Arsenal.  Based  on  the  results  of  this  report^  ifiE  concluded  that  the  operation  of  this 
incinerator  will  pose  no  human  health  or  noncarcinogenic)  as  defined  in 

the  Final  Decision  Document  as  described  ;ft®t "current  EPA  guidance  for  Superfund  Risk 
Assessments,  and  in  accordance  jpi  (SlC® ;  remedial  action  objectives. 
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SECTION  1 


INTRODUCTION 

This  document  is  a  comprehensive,  multiple  exposure  pathway,  human  health  risk 
assessment  prepared  for  the  proposed  Basin  F  Liquid  Incineration  Project  at  the  U.S. 
Army’s  Rocky  Mountain  Arsenal  (RMA)  facility. 

The  RMA  facility  is  located  just  north  of  Stapleton  Airport  in  Denver,  Colorado.  RMA  has 
been  required  to  install  and  operate  the  incinerator.rp  conjunction  with  the  U.S.  Army 
Corps  of  Engineers,  to  destroy  over  10.5  million  gaUi|p§jBf  liquid  hazardous  waste  stored  on¬ 
site  in  three  tanks  and  a  double-lined  pond  in  apjfea  kndliijas  Basin  F.  The  action  is  part 
of  the  Interim  Remedial  Action  (IRA)  select^^ojptt  and  dispose  of  Basin  F  Liquid.  As 
part  of  the  design  and  implementation  phases  ofH|project,  outlined  in  the  Final  Decision 
Document  (Woodward-Clyde,  1990a),  a  li^|iai®ip[Hh  risk  assessment  is  required. 

1.1  OBJECTIVES  OF  THE  RI^ASgj§SMfENT 

The  primary  objective  o||je  healj|  risk  assessment  conducted  by  Roy  F.  Weston  Inc. 
(WESTON)  for  RMA  was  tdili&is|ii  the  establishment  of  chemical  emission  limits  for  the 
Basin  F  Liquid  Incineration  Project.  These  emission  limits  are  to  be  protective  of  human 
health,  as  stated  in  the  Final  Decision  Document  (Woodward-Clyde,  1990a).  A  brief 
summary  of  the  risk  characterization  results  and  a  discussion  of  applicable  or  relevant  and 
appropriate  requirements  (ARARs)  has  been  presented  in  the  Implementation  Document 
(WESTON,  1990)  submitted  to  RMA  in  December,  1990.  The  present  document  provides 
the  detailed  methods  and  results  of  the  risk  assessment,  including  the  air  modeling  and 
emissions  characterization. 

A  risk  assessment  for  the  proposed  Basin  F  Liquid  Incineration  Project  was  previously 
performed  by  Woodward-Clyde  Consultants  (1990b)  to  assist  in  the  screening  and  selection 
of  interim  remedial  actions  (IRAs)  as  required  under  CERCLA  and  the  National 


530C/S1 


1-1 


1/24/91 


Contingency  Plan.  Additionally,  on-site  (Ebasco,  1990)  and  off-site  (ESE  et  al.,  1989) 
human  health  risk  assessments  have  been  performed  for  RMA  with  respect  to  worker  and 
residential  exposures,  respectively,  to  existing  on-site  contamination.  To  maintain 
consistency  with  these  studies,  WESTON  reviewed  the  data  from  these  previous  on-site  and 
off-site  evaluations  and,  where  relevant,  utilized  previously  developed  exposure  assumptions 
and  input  parameters,  toxicity  criteria,  and  background  data. 


In  accordance  with  the  guidance  set  forth  in  the  Final  Decision  Document  (Woodward- 
Clyde,  1990a),  the  approach  for  the  risk  assessment  process  used  to  establish  emission  limits 


was  as  follows: 


Base  case  ("average")  and  sensitmjpcase  (wii||case,  upper  bound)  emission 
rates  of  the  SQI  were  determinepfromievaluaiion  of  historical  waste  stream 
characterization  data,  test  buri|^pL,  and  WESTON’s  hazardous  waste 
incinerator  emissions  inveggy,  aPlggribed  in  detail  in  Section  5.  The 
facility  has  an  assumed  opifpl^ijlifpime  of  2  years. 

The  emissions  data  \yg||^ed  ^Conjunction  with  the  air  modeling,  exposure 
assessment  and  toxi||y  a^ggpp  results  to  calculate  noncarcinogenic  hazard 
indices  and  carcinog^pgipsic  flsir  each  chemical  and  pathway  in  each  proposed 
exposure  scengii||iUh;;^|i;;: 

As  directed'Hgyhe  Filial  Decision  Document  (Woodward-Clyde,  1990a), 
cumulative  exceS|||a^phogenic  risk  and  noncarcinogenic  hazard  indices  were 
determined  for  ea$£  exposure  scenario.  If  it  was  determined  that  excess 
cancer  risk  did  not  exceed  IE-06,  and  the  noncarcinogenic  hazard  index  did 
not  exceed  1  for  the  nearest  reasonable  maximum  exposure  scenario,  the 
emission  rates  predicted  for  the  contaminants  of  concern  were  considered 
protective  of  human  health,  the  criteria  promulgated  in  the  Final  Decision 
Document  (Woodward-Clyde,  1990a).  WESTON  developed  four  exposure 
scenarios  that  were  representative  of  hypothetical  maximum  exposed 
individuals  in  the  vicinity  of  the  facility. 


Should  the  cumulative  cancer  risk  or  noncarcinogenic  hazard  index  exceed  the 
limits  described  above  for  the  most  reasonable  maximally-exposed  individual, 
each  contaminant  and  pathway  assessed  in  that  scenario  would  be  evaluated 
to  develop  a  profile  of  the  major  contributor(s)  to  risk.  A  report  summarizing 
these  findings  would  then  be  presented  to  the  appropriate  agencies,  as 
outlined  in  the  Final  Decision  Document  (Woodward-Clyde,  1990a),  to 
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determine  whether  a  change  in  the  design  of  the  treatment  system  would  be 
necessary. 

The  risk  assessment  presented  in  this  report  is  a  comprehensive  evaluation  that  examines 
all  possible  direct  and  indirect  exposure  pathways  and  sensitive  subpopulations.  In  addition 
to  the  Final  Decision  Document  (Woodward-Clyde,  1990a),  the  approach  and  methodology 
draws  upon  the  guidance  set  forth  in  the  recently  revised  United  States  Environmental 
Protection  Agency  (EPA)  Risk  Assessment  Guidance  for  Superfund:  Human  Health 
Evaluation  Manual  (EPA,  1989)  and  the  Methodology  for  Assessing  Health  Risks 
Associated  With  Indirect  Exposure  to  Combustor  Emissions  (EPA,  1990).  These  and  other 
pertinent  guidance  documents  are  cited  and  referen|§|  in  the  appropriate  sections  of  this 
report. 

To  be  consistent  with  the  most  recent  EP^^^pjance  (EPA,  1989;  1990),  WESTON 
considered  certain  pathways  of  indirect  ^j^^feitethaiftwere  not  originally  considered  in  the 
SQI  risk  assessment  as  part  of  th^IRA  r^pSbdward-Clyde,  1990b).  These  additional 
pathways  include:  breast  milk  o^un^Bffi’Mgestion  of  fish  from  contaminated  surface 
waters;  vegetable  root  uptake:;;p|Jh^fe  and  organics;  and  beef  and  dairy  cattle  exposure 
with  subsequent  human  og^um^^^i.  dPhomegrown  or  commercially-produced  beef  and 
cow’s  milk.  ;J|f 

1.2  HEALTH  RISK  ASSESSMENT  OVERVIEW 

Risk  assessment  is  a  complex  and  continually  evolving  process  drawing  upon  a  variety  of 
disciplines,  including  air  pollution  engineering,  process  engineering,  meteorology, 
environmental  resource  management,  computer  technology,  biology,  chemistry,  and 
toxicology.  Regulatory  agency  requirements  for  preparing  risk  assessments,  and  the  need 
for  defensibility  of  the  results,  necessitates  the  inclusion  of  large  amounts  of  supportive  data, 
often  resulting  in  voluminous  documents  that  may  be  difficult  to  review  and  understand, 
particularly  by  the  public.  A  brief  summary  of  the  risk  assessment  process  follows  to 
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provide  an  overall  perspective.  Each  section  thereafter  is  presented  in  a  form  that  is 
designed  to  be  understandable  to  the  public. 

Figure  1-1  is  a  flow  chart  of  the  major  phases  of  the  multipathway  human  health  risk 
assessment  and  further  serves  to  identify  the  individual  sections  of  the  report  and  how  they 
interrelate.  The  approach  used  here  generally  adheres  to  the  guidance  recommended  by 
the  EPA  for  conducting  a  baseline  risk  assessment  for  Superfund  sites. 

Section  2  is  a  brief  description  of  the  proposed  submerged  quench  incinerator  with  a 
discussion  of  the  technical  components  of  the  systejn.  Geographic  and  demographic 
characteristics  of  the  potentially  affected  area  arouii||bc  facility  are  discussed  in  Section 
3.  Its  purpose  is  to  identify  land-use  patterns  andfpsist  in  cl|i;acterizing  potentially  exposed 
populations.  " 

A  critical  technical  task  is  to  characteriSkJl^^iamcals  likely  to  be  emitted  from  the 
incinerator  system  and  to  determip8l|&  profited  emission  rates  from  the  stack  (Section 
5).  The  next  steps  are  the  assesSpent;;pi^fei:^ate  of  the  chemicals  in  the  atmosphere  and 
the  resultant  surface  depositi!E8p|ted&^6).  followed  by  the  identification  of  those  pollutants 
that  have  a  realistic  potej$||l  for  db||tributing  to  human  exposure  through  specific  direct 
(e.g.,  inhalation,  soil  ingestion|ffir|idflhdirect  (e.g.,  consumption  of  contaminated  vegetables, 
beef,  dairy  products,  fish)  pathways  (Section  7). 

Once  the  pollutants  and  pathways  are  determined,  the  potential  human  exposure  to  these 
pollutants  from  all  pathways  is  estimated  (Section  8).  It  is  important  to  note  that  the 
estimated  pollutant  exposure  level  of  sensitive  human  populations  greatly  exceeds  that  likely 
to  occur  in  terms  of  the  amount,  duration,  and  frequency  of  actual  pollutant  exposure.  The 
intent  of  this  approach  is  to  provide  the  public  the  benefit  of  the  doubt  (i.e.,  the  maximum- 
exposed  individual,  or  MEI,  is  unrealistically  overexposed  relative  to  the  probable  exposure 
of  affected  populations). 
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FIGURE  1-1  MULTIPATHWAY  RISK  ASSESSMENT  PROCESS  FOR 
HAZARDOUS  OR  SOLID  WASTE  INCINERATORS 


1-5 


The  conservatism  of  both  the  average  case  and  worst  case  potential  exposure  estimates  is 
further  amplified  by  the  degree  of  safety  incorporated  into  the  toxicity  criteria  (i.e., 
reference  doses  and  cancer  potency  factors)  for  the  evaluated  pollutants.  The  net  result  is 
that  both  carcinogenic  risk  and  noncarcinogenic  hazard  indices  represent  upper-bound 
estimates  of  adverse  health  effects  that  are  unlikely  to  be  achieved  or  exceeded  under  actual 
exposure  conditions.  The  established  health  effects  criteria  for  these  pollutants  are 
discussed  in  Section  9. 


The  risk  characterization  (Section  10)  is  the  process  of  comparing  the  estimated  potential 
lifetime  daily  intakes  of  the  chemicals  of  concern  fcgpthe  exposed  individuals  with  the 
allowable  exposure  level  (toxicity  criteria).  Bgjf|||Qn  these  comparisons,  potential 
carcinogenic  risk  estimates  and  the  degree  of  nonprcinogchlc  adverse  health  effects  can  be 
predicted.  4lf ;  jif' 

Section  11  of  the  report  discusses  the  ril|psi^|jiia' relationship  to  the  uncertainties  and 
assumptions  associated  with  each  stgj^th^p:  assessment  process.  A  sensitivity  analysis 
is  included  in  this  section,  the  oli^^tiyei|Mii^h|bh  is  to  evaluate  quantitatively  those  factors 
having  the  greatest  influenc^||^^^|jis  allows  one  to  obtain  a  clear  perspective  of  the 
range  of  risks  in  relationshjp  to  the  h^portant  variables  inherent  in  the  incinerator  operation 
and  the  risk  assessment  procill%;j|F 
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SECTION  2 


FACILITY  DESCRIPTION 


2.1  FACILITY  HISTORY 

The  following  facility  description  is  a  summary  of  the  information  provided  in  the  Final 
Decision  Document  (Woodward-Clyde,  1990)  for  the  Basin  F  Liquid  Incineration  Project. 
Rocky  Mountain  Arsenal  (RMA)  occupies  approximately  17,000  acres  (27  square  miles)  in 
Adams  County,  directly  northeast  of  metropolitan  Denfer,  Colorado  (Refer  to  Figure  2-1). 
RMA  was  established  in  1942  and  has  been  the  siteipliianufacture  of  chemical  incendiary 
munitions  and  chemical  munitions  demilitarigpion.  M^cultural  chemicals  including 
pesticides  were  manufactured  at  RMA  from=iM;7jisi982. 

In  1956,  an  evaporation  pond  called  Basiifpv^i^Btructed  in  the  northern  part  of  RMA. 
Basin  F  had  a  surface  area  of  92.7  ajgi|f$nd  l||pacity  of  approximately  243  million  gallons. 
From  August  1957  until  its  use  v^;:di|pil|tied  in  December  1981,  Basin  F  was  the  only 
evaporative  disposal  facility  ha^ad^,RMA 

In  1986,  the  Department  of  tii||§qp;:Shell  Oil  Company,  and  the  EPA  Region  VIII,  agreed 
that  an  accelerated  remediation  he  undertaken  pursuant  to  CERCLA  (Comprehensive 
Environmental  Response,  Compensation  and  Liability  Act)  to  contain  the  liquid  and 
contaminated  soils  in  and  under  Basin  F.  In  a  June  5,  1987  report  to  the  court,  the 
Organizations  and  the  State  agreed  that  fourteen  interim  actions,  including  the  Basin  F 
Interim  Remedial  Action  (IRA),  were  necessary  to  expedite  the  cleanup  of  RMA. 

In  the  first  part  of  Basin  F  remediation,  Basin  F  liquid  was  transferred  to  three  lined  steel 
storage  tanks  and  to  one  double-lined  covered  pond.  Transfer  of  Basin  F  liquid  to  tanks 
and  Pond  A  for  interim  storage  was  initiated  in  May,  1988  and  completed  in  December 
1988.  Presently  approximately  4  million  gallons  of  liquid  are  stored  in  the  tank  farm  and 
4.5  million  gallons  are  stored  in  Pond  A. 
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22  FACILITY  DESCRIPTION 


The  Army  has  selected  submerged  quench  incineration  (SQI)  to  thermally  treat  10.5  million 
gallons  of  stored  liquid  from  Basin  F  at  Rocky  Mountain  Arsenal  as  an  Interim  Remedial 
Action.  The  SQI  consists  of  a  feed  system  to  inject  the  Basin  F  liquid  into  the  incinerator; 
the  high  temperature  incinerator  with  a  quench  chamber  to  cool  the  gases  and  dissolve  the 
molten  salts  from  combustion;  a  brine  concentrator;  and  associated  air  pollution  control 
equipment. 


2.3  PROCESS  DESCRIPTION 


into  a 
destroy  the  organic 


The  submerged  quench  incineration  process  (sqillFigure  iP||;=will  use  a  vertical  downfired 
liquid  incinerator.  The  liquid  to  be  incinerati||vp@  be  injected  at  the  top  of  the  furnace 
gas  flame.  Burning  the  liquid  at  ,|ph  terfi|i|f§,ture  (about  1,900°F)  is  expected  to 
'  the  organic  compounds  in  Basin  ;®p^ii|After  incineration,  all  the  combustion 
products  will  be  forced  downward  aii^oleltt  a  liquid  quench  tank,  to  aid  in  washing  out 
particulates  and  cleaning  the  ^augff^pf  The  high  temperatures  will  melt  non¬ 
combustible  components  of  tj^i^pftiiguid  producing  molten  salts,  which  will  flow  down 
the  walls  of  the  incineratqijknd  aSiffbe  cooled  in  a  quench  chamber.  The  exhaust  gases, 
which  will  include  a  mixturd^l|;!ppftbustion  byproducts  and  other  gases,  will  be  passed 
through  air  pollution  control  devices,  which  include  a  venturi  scrubber  and  a  packed  tower. 
The  brine  from  this  process  may  be  disposed  of  off-site  as  a  liquid. 


Operation  of  the  submerged  quench  incineration  process  will  require  the  transportation  into 
the  Arsenal  of  2,600  cubic  yards  per  year  of  sodium  hydroxide,  a  caustic  compound  used  in 
the  air  pollution  control  process.  The  submerged  quench  incineration  process  will  produce 
salts  of  about  25  percent  of  the  original  volume  of  the  Basin  F  liquid.  These  salts,  which 
contain  metals,  will  be  disposed  of  in  an  off-site  hazardous  waste  landfill. 


The  facility  is  expected  to  operate  for  a  period  of  2  years,  commencing  in  late  1991  or  early 
1992. 
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FIGURE  2-1  SITE  LOCATION  MAP  -  ROCKY  MOUNTAIN  ARSENAL 
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FIGURE  2-2  BLOCK  DIAGRAM  OF  THE  SUBMERGED  QUENCH  INCINERATOR  PROCESS 


2.4  PHYSICAL  EMISSION  CHARACTERISTICS 


The  physical  emission  characteristics  of  the  submerged  quench  incinerator  have  not  been 
finalized  at  this  time.  The  incinerator  will  be  designed  and  operated  to  meet  the  RCRA 
incinerator  requirements,  which  are  presented  in  Table  2-1.  The  trial  bum  will  be  required 
to  demonstrate  the  ability  of  the  incinerator  to  achieve  the  performance  requirements 
outlined  in  the  Final  Decision  Document  (Woodward-Clyde,  1990) 


2.5  GOOD  ENGINEERING  PRACTICE  ANALYSIS 


Section  123  of  the  Clean  Air  Act  defines  Good  E||ii^e;ring  Practice  (GEP),  with  respect 
to  stack  heights,  as  "the  height  necessary  to  enspfe  that  ftimssions  from  the  stack  do  not 
result  in  excessive  concentrations  of  any  pollataiit.m  the  immediate  vicinity  of  the  source 
as  a  result  of  atmospheric  downwash,  eddies  or  Wiles  which  may  be  created  by  the  source 
itself,  nearby  structures  or  nearby  terrairi;^s®|:^ii:  For  this  analysis,  40  Code  of  Federal 
Regulations  (CFR)  51.1(ii)  definej^^^rbyl^  "...that  distance  up  to  five  times  the  lesser 
of  the  height  or  the  (projected)i^jdthipl®|nMon  of  a  structure,  but  not  greater  than  0.8 
km...  ." 


According  to  40  CFR  51.1(ii)|l^£ji^tack  height  means  the  greater  of  the  following  three 
factors: 


1.  65  meters,  measured  from  the  ground-level  elevation  at  the  base  of  the  stack. 

2.  For  stacks  in  existence  after  January  12,  1979, 

Hg  =  H  +  1.5  L 

Where: 

Hg  =  GEP  stack  height 

H  =  height  of  nearby  stmcture(s)  measured  from  the  ground-level 

elevation  at  the  base  of  the  stack 

L  =  lesser  of  height  or  projected  width  of  nearby  stmctures 
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Table  2-1 


RCRA  Incinerator  Requirements8 


Destruction  and  Removal 

Compounds/Emissions  Efficiencies 


Dioxins  and  Dibenzofurans 
Polychorinated  Biphenyls 
All  other  Organic  Compounds 


Particulates  Emissions 


Hydrogen  Chloride  Emissions 


99.9999% 

99.9999% 

99.99% 

0.08  grains  per  dry  standard 
cubic  ft.  @  7%  02 

1.8  kg/hour 
4.0  lb/hour 
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3.  The  height  demonstrated  by  fluid  model  or  field  study  which  satisfies  the 
definition  of  GEP  in  Section  123  of  the  Clean  Air  Act." 

This  GEP  stack  height  analysis  will  be  based  upon  the  EPA  (1985)  guideline  document. 
The  GEP  determination  will  be  made  for  each  building,  and  then  the  stack  will  be 
associated  with  the  nearby  building  which  would  result  in  the  greatest  GEP.  The  stack 
height  for  the  SQI  has  not  been  specified  at  this  time.  When  the  stack  height  is  finalized 
the  GEP  analysis  described  above  will  be  performed  to  determine  if  building  downwash  of 
the  stack  gases  could  occur  and  if  building  downwash  effects  will  be  incorporated  into  the 
modeling  analyses.  j§;= 
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SECTION  3 


DESCRIPTION  OF  SURROUNDING  AREA 

3.1  INTRODUCTION 

This  section  provides  an  overview  of  land  use  and  population  characteristics  of  the  area 
around  RMA  expected  to  be  affected  by  emissions  from  the  facility.  The  information 
compiled  is  important  in  identifying: 

•  Potentially-exposed  populations  in  are.^lfffected  by  air  dispersion  or  surface 
deposition  of  stack  emissions 

•  Population  activities  that  need^€esjpnsidered  in  determining  both  direct 
and  indirect  pathways  of  exposfi^i|Utftack  emissions 

Results  of  the  air  dispersion  and  surface  d^lpsipWfnodeling  isopleths  (refer  to  Section  6) 
showed  the  major  area  to  be  affipfei|by  ipiissions  was  within  a  10-km  radius  of  the 
incinerator.  Therefore,  the  evaIil|QSpf  Mill  usage  was  particularly  focused  on  the  areas 
predicted  by  the  modeling  tfijpi|||tj^'i^ghest  deposition  and  ambient  air  concentrations. 

3.2  LOCATION  AND  GEOclilEiY 


The  Rocky  Mountain  Arsenal,  located  in  Adams  County,  lies  approximately  10  miles 
northeast  of  downtown  Denver.  The  site  occupies  16,914  acres.  RMA  is  bounded  by  East 
96th  Avenue  on  the  north,  Buckley  Road  on  the  east.  East  56th  Avenue  on  the  south, 
Quebec  Street  on  the  west,  and  Highway  2  on  the  northwest.  The  landscape  is  generally 
described  as  high  plains,  which  is  flat  and  broad  (Ebasco,  1990). 


531C/S3 


3-1 


1/24/91 


With  respect  to  its  former  high  level  of  activity,  the  RMA  property  can  be  viewed  as  an 
abandoned  industrial  site.  RMA  employed  as  many  as  3,000  people  when  it  was  a  fully 
operable  production  facility  for  chemicals,  explosives,  agricultural  chemicals,  and  pesticides. 
Currently  there  is  relatively  little  activity  on  the  base.  The  primary  activities  that  do  occur 
involve  administration,  remediation,  and  maintenance  of  the  facility. 


The  current  land  uses  at  the  RMA  site  can  be  classified  as  industrial,  commercial,  and 


recreational.  The  industrial  classification  relates  fapliiiCpmmercial  nature  of  the  existing 
buildings:  an  army  administration  building;  ;Jpe  depari|$ent;  groundwater  treatment 
facilities;  rail  classification  yard;  and  a  post  of8$,Jpe  recreational  classification  is  related 
to  the  limited  occurrence  of  "catch  and  tbtctw"  fisSi|jgi;(Ebasco,  1990)  from  several  streams 
on  the  site.  The  greatest  proportion  of  aifpUP^ie  site  is  classified  as  a  natural  habitat 


for  wildlife,  which  includes  a  baldi]p^|e  mi||gement  area  on 
(Ebasco,  1990).  SL . 


the  northwestern  section 


tnctions  Limitii 


An  agreement  was  made  among  the  EPA,  the  U.S.  Army,  Shell  Chemical  Company,  the 
Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR),  and  the  U.S  Department  of 
the  Interior.  This  agreement,  called  the  Federal  Facility  Agreement  (EPA  et  al.,  1989),  set 
forth  the  following  restrictions  on  RMA  (Ebasco,  1990): 


U.S  government  retains  title  of  the  arsenal 
Residential  development  -  PROHIBITED 

Wildlife  habitat  -  preserved  and  managed  to  protect  endangered  species 
No  major  geophysical  alterations  can  be  made  on-site 
Fish  may  be  caught;  fish  consumption  -  PROHIBITED 
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3.3.3  On-Site  Water  Use 


There  are  several  lakes  located  on  the  southern  sections  of  the  arsenal:  Upper  Derby,  Lower 
Derby,  Mary,  and  Ladora  Lakes.  Ladora  Lake  is  the  only  natural  lake.  The  other  lakes 
were  created  using  water  from  the  Highline  Lateral.  The  Highline  Lateral  is  an  aqueduct 
that  is  connected  to  the  main  Highline  Canal,  which  brings  water  from  the  Rocky  Mountains 
into  the  Denver  area. 

Surface  water  drainage  at  RMA  is  a  complicated  process;  water  on-site  is  drained  by  the 
First  and  Second  Creek.  Water  from  the  First  and  Segjjid  Creek  is  then  intercepted  by  the 
O’Brian  Canal  and  the  Burlington  Ditch.  Both  the:i^ftian  Canal  and  the  Burlington  Ditch 
then  proceed  to  drain  into  the  South  Platte  Jp/er.  Sll||=the  O’Brian  Canal  and  the 
Burlington  Ditch  are  irrigation  ditches,  which  Hs^prt  water  for  agricultural  purposes  (ESE 
et  al.,  1989).  Ms**-. 

3.3.4  Restrictions  Limiting  On-Site 

Drinking  water  uses  of  groui^^3^|giirface  water  are  prohibited  by  the  Federal  Facility 
Agreement  (EPA  et  al.,  $/?)•  Piljbntiy,  there  are  four  groundwater  treatment  systems 
located  on  the  northwesteirfHj^e^.^  the  arsenal:  Irondale,  Northwest  Boundary,  North 
Boundary,  and  Basin  A  Neck  systems.  For  safety  reasons,  the  North  and  Northwest 
Boundary  Systems  have  a  bedrock  barrier,  which  separates  treated  from  contaminated  water. 

After  1957,  there  is  only  one  water  basin  (Basin  F)  located  on-site.  Basin  F  was  the  only 
evaporative  disposal  system  available  at  the  facility.  There  are  plans,  however,  to  develop 
more  basins  and  reservoirs  for  flood  control  and  thereby  to  prevent  contamination  of  water 
bodies  off-site  (Ebasco,  1990). 
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Land  usage  around  RMA  is  characterized  by  a  varied  pattern  of  heavy  and  light  industrial, 
residential,  and  agricultural  designations  (Figure  3-1).  Agriculture  predominates  to  the 
north  and  east,  heavy  industry  to  the  west  and  south,  and  commercial  uses  primarily  to  the 
west.  Residential  areas  are  intermixed  with  commercial  zones  to  the  west  and  south. 


Commerce  City,  to  the  west,  is  associated  with  heavy  industry,  such  as  petroleum  refineries, 
tank  farms,  and  construction  equipment  yards.  Gravel  and  sewage  treatment  facilities  to  the 


northwest  are  located  near  the  South  Platte  River. 


The  industry  occupying  the  most  acreage  near  RNpt  is  Stapliftm  International  Airport.  This 
airport  is  the  fifth  largest  in  the  United  Statesiihd,Jp  grown  rapidly.  Recently,  plans  have 
been  made  to  relocate  the  airport  to  the;ift^tem  si|[fe:pf  RMA.  Originally,  the  airport  was 
to  expand  onto  RMA  land.  These  planS^reril^pcted  because  of  both  the  loud  airport 
noise  affecting  nearby  residential  ajgi$|fuid: i$i|ause  of  the  time  required  to  clean  up  RMA 
(Ebasco,  1990).  -ilL 


Several  residential  areas  hifder  tilfJRMA  property,  primarily  to  the  northwest,  west,  and 
south  (e.g.,  Irondale,  Dupoirii|l|Iajpbn).  Adult  and  childhood  activities  associated  with 
residences  (e.g.,  outdoor  play,  school  activities,  home  gardening)  have  been  previously 
documented  (Woodward-Clyde,  1990)  and  were  likewise  considered  in  the  development  of 
potential  pathways  of  exposure  for  this  risk  assessment. 


Since  1950,  off-site  agricultural  land  has  been  used  primarily  for  grain  crops,  as  temporarily 
idle  fields,  and  to  a  lesser  extent,  pasture  lands.  This  area  includes  approximately  2,500  to 
2,700  acres  of  irrigated  farm  land.  Water  for  most  of  this  land  is  supplied  primarily  by  a 
combination  of  several  irrigation  ditches  traversing  certain  areas  just  off-site  (ESE  et  al., 
1989). 
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FIGURE  3-1  GENERALIZED  LAND  USE  IN  THE  VICINITY  OF 
ROCKY  MOUNTAIN  ARSENAL 
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The  primary  field  crops  for  this  area  are  winter  wheat,  hay,  barley,  corn  for  grain  and 
silage,  sugar  beets,  and  oats.  Other  crops  grown  include  sorghum,  dry  beans,  and  spring 
wheat.  Of  the  field  crops  listed,  winter  and  spring  wheat,  barley,  sugar  beets,  and  dry  beans 
are  all  produced  for  human  consumption  (ESE  et  al.,  1989). 


Pastureland  and  livestock  are  not  as  important  to  the  rural  agronomy  as  are  the  grain  fields. 
Pastureland  is  confined  to  limited  areas,  most  of  which  is  contiguous  with  the  O’Brian  Canal 
and  the  Fulton  Ditch  (ESE  et  al.,  1989). 


In  view  of  the  large  acreage  of  agricultural  land  norl  and  east  of  the  site,  the  possible 
existence  of  beef  or  dairy  cattle  farms  was  investig#^^  Information  obtained  from  the 
Adams  County  Agricultural  Extension  Service  .,§i|gestec!rii|^;re  were  several  feedlots  and 
beef/dairy  cattle  operations  within  a  30-km  rai|||s  jflhe  incinerator.  A  tour  by  automobile 
of  the  northwestern,  northern,  and  eastern;primeti||^|:RMA  in  late  October,  1990  revealed 
six  locations  where  cattle  were  observed  gf|an|iii|l;farmhouses  or  on  apparent  farmlands. 
No  determination  was  made  as  to  ;\y|Hiher  ilise  were  dairy  or  beef  cattle. 

3.4.2  Off-Site  Water  Use 


Off-site  water  use  (i.e.,  potab!^at#sources.  recreational  fisheries)  was  initially  evaluated 
within  a  20-km  radius  around  the  proposed  incinerator  site.  Consideration  was  given  to  the 
predicted  level  of  surface  deposition  on  the  water  body  and  associated  watershed,  as  well 
as  to  the  potential  for  surface  water  and  soil  runoff  from  the  RMA  site  into  these  water 
bodies.  The  objective  of  this  evaluation  was  to  identify  any  possible  uses  of  local  off-site 
surface  waters  that  should  be  considered  as  possible  human  exposure  pathways  (i.e., 
drinking  water,  fish  ingestion). 


3.4.2. 1  Classification  of  Rivers.  Lakes,  and  Ponds  As  Potable  Water  Supplies 

The  Department  of  Natural  Resources  (DNR)  Water  Conservation  Board,  the  DNR’s  State 
Engineering  Board  (Water  Quality),  water  treatment  plants  in  Adams  County  and  Denver 
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County,  and  the  Denver  Department  of  Health  (Water  Quality)  were  contacted  to  identify 
potable  surface  water  sources.  Those  designated  as  potable  water  supplies  were  Standley 
Lake  and  Marston  Lake  Reservoir.  These  lakes  and  their  associated  watersheds  are  well 
beyond  the  range  of  significant  aerial  deposition  predicted  from  incinerator  emissions: 
Standley  Lake  is  over  16  km  west  of  the  incineration  site,  and  Marston  Lake  Reservoir  is 
located  approximately  22  km  southwest  of  the  site.  It  is  important  to  note  that  surface 
drainage  in  this  region  is  toward  the  northeast;  drainage  from  RMA  is  directed  to  the  South 
Platte  River,  which  flows  in  a  north-northeasterly  direction  (ESE  et  al.,  1989).  Therefore, 
it  is  unlikely  that  drainage  from  RMA  would  have  any  effect  on  potential  drinking  water 
sources  such  as  Marston  Lake  Reservoir  or  Standley  Jt&ke. 

3.4.2.2  Classification  of  Rivers.  Lakes,  and  PoffflS  as  Potential  Fisheries 

Potential  fishing  areas  within  the  10-km  jadius  dilthe  incinerator  were  evaluated  initially 
from  a  review  of  the  on-post  (Ebasco,  l9^^'  a®||flEspost  (ESE  et  al.,  1989)  human  health 
exposure  assessments.  In  additiogfl|ii;  Di*f§|Tish  and  Game  Department  (Division  of 
Wildlife)  and  local  parks  were  G^tacypi^iii&hing  information. 

Except  for  the  limited  "e$|§h  an&jlhrow"  fishing  on-site  at  RMA,  no  lakes,  ponds,  or 
reservoirs  were  identified  as  de||gpa|6d  fishing  areas  within  a  5-km  radius  of  the  incinerator. 
However,  lying  in  the  area  between  a  5-  to  10-km  radius  of  the  incinerator  site  are  several 
lakes  and  ponds  designated  as  recreational  fishing  areas. 

The  only  lake  located  northeast  of  the  arsenal  is  Barr  Lake,  a  nonpotable  water  body.  Barr 
Lake  is  classified  as  a  wildlife  refuge  on  its  southern  portion,  and  on  its  northern  half,  it  is 
used  for  recreational  purposes,  such  as  fishing.  However,  based  on  the  air  modeling  results, 
this  lake  does  not  receive  significant  aerial  deposition  (see  Section  6).  Moreover,  even 
though  the  lake  does  lie  in  the  general  direction  of  surface  drainage  from  RMA  (i.e.,  to  the 
northeast),  it  was  concluded  that  impact  via  this  transport  mechanism  would  not  contribute 
significantly  to  the  total  contaminant  loading  relative  to  other  water  bodies  closer  to  RMA 
(see  Engineers  Lake  below). 
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Cherry  Creek  Reservoir,  located  approximately  20  km  southeast  of  the  arsenal,  is  classified 
as  a  flood  control  reservoir.  Although  it  may  support  fishing,  it  is  sufficiently  out  of  range 
of  both  aerial  deposition  and  drainage  originating  from  the  site. 

Four  smaller  water  bodies  located  in  Adams  County,  all  approximately  8  km  west  of  RMA, 
were  identified  as  designated  recreational  fishing  areas;  they  are: 


Clear  Creek  Pond 
Engineers  Lake 
Rotella  Park  Pond 
Grandview  Ponds  1  to  4 


Based  on  the  air  dispersion  and  surface  depositiqjiKopletlli^ection  6),  Engineers  Lake  was 
determined  to  be  the  water  body  with  the  hiSgstapotential  for  impact.  Data  for  surface 
area  and  depth  of  Engineers  Lake  were  prpyidetf^^  DNR  Department  of  Wildlife  and 
were  confirmed  by  the  Adams  County  P%£f|p||; "  Some  data  required  for  the  surface 
water  modeling  of  contaminant  loadi^  suh|||s  flow  rates  and  average  suspended  solids 
concentrations,  were  not  availab|l:;foii|i@ig|ipeers  Lake,  and  assumptions  were  therefore 
made  for  these  parameters  (sj|§ilApppdix  7A).  Appendix  3A  contains  published  data  on 
specific  locations  and  fish4||)ulatit>f|for  Engineers  Lake  and  the  other  three  recreational 
fishing  areas  that  were  evalul^]flia..^r 

Surface  water  drainage  from  RMA  to  the  South  Platte  River  is  significant,  as  discussed 
earlier  (Section  3.3.3).  Although  it  is  known  that  the  river  is  fished  recreationally,  no  creel 
data  or  designated  fishing  locations  in  the  vicinity  of  the  drainage  area  were  available.  The 
South  Platte  River  was  excluded  as  a  potential  human  exposure  pathway  through  fish 
consumption  for  the  following  reasons: 


Any  contaminants  entering  the  South  Platte  River  as  runoff  (resulting  from 
on-site  deposition  from  the  incinerator)  will  likely  be  highly  diluted  on  a 
continual  basis  due  to  the  river’s  low  retention  time  and  high  flow  rate. 
Therefore,  bioaccumulation  potential  in  game  fish  is  anticipated  to  be 
relatively  low  compared  with  ponds  or  lakes  where  retention  times  are  much 
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longer  and  the  volume  of  surface  water  available  for  contaminant  loading  is 
much  smaller. 

Deposition  into  the  South  Platte  River  was  not  significant  compared  with 
deposition  predicted  for  the  previously  discussed  recreational  fishing  areas 
(i.e.,  Engineers  Lake). 


3.5  CONCLUSIONS 


On-site  and  off-site  land  uses  were  characterized  with  respect  to  human  activities  relevant 
to  evaluating  potential  human  exposure  to  incinerator  emissions. 

It  was  concluded  that  the  current  major  activitie$:=ff-s^|§re  maintenance  of  the  grounds 
and  administrative  functions.  Off-site,  residential  arid#’ agricultural  (i.e.,  livestock, 
vegetables),  land  uses,  and  recreational  (i.e.,  water  uses  have  been  documented. 

This  information  was  subsequently  use^^111the'ni^elopment  of  the  human  exposure 
pathways  and  scenarios  (Sections  7  and  8), ;  "  P 
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SECTION  4 


THE  PROCESS  OF  POLLUTANT  IDENTIFICATION  AND  SELECTION 


4.1  INTRODUCTION 


The  purpose  of  this  section  is  to  provide  a  brief  overview  of  the  process  by  which  chemicals 
emitted  from  the  incinerator  were  identified  and  initially  selected  for  evaluation.  Figure  4-1 
illustrates  the  basic  process  of  initial  pollutant  identification  and  the  final  pollutant  selection 
process.  The  primary  sources  of  information  used  in  tjgf  identification  of  the  pollutants  of 
concern  for  this  project  were  historical  waste  strey§||ata,  test  burn  data,  and  an  analysis 
of  products  of  incomplete  combustion  (PlCs).Jpi  addiffisthto  these  sources  of  data,  an 
evaluation  of  current  literature  and  compute®Sat|!&ses  for  hazardous  waste  incinerator 
combustion  products  was  performed  to  jdentily^pbssible  contaminants  that  may  not  be 
apparent  from  the  site  specific  data  discd||edlili||ite»: 


yffliMiMyaKiyij 


of  hazardous 


Four  general  groups  of  p<D§|utants'!i$|  typically  produced  in  the  incineration  of  hazardous 
waste.  These  chemicals  "l^^Berallv  categorized  as  principal  organic  hazardous 
constituents  (POHCs),  products  ofincomplete  combustion  (PICs),  metals  (inorganics),  and 
criteria  pollutants  (gases,  particulates,  and  acid  gases).  The  complete  list  of  chemicals 
identified  for  analysis  in  this  risk  assessment  is  summarized  in  Table  4-1.  The  methodology 
for  calculating  emission  rates  is  completely  discussed  in  Section  5,  and  Appendices  5A  and 
5B.  It  is  important  to  note  that  not  all  of  the  chemicals  in  this  list  are  evaluated  for  every 
exposure  route  or  pathway.  The  process  by  which  pollutants  are  individually  selected  for 
the  exposure  assessment  is  presented  in  Section  7. 
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FINAL  LIST  OF 
POLLUTANTS 
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FIGURE  4-1  PROCESS  OF  POLLUTANT  SELECTION 
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UHfit1 1 

TABLE  4-1 

LIST  OF  POLLUTANTS 

SELECTED  FOE  ANALYSIS 

Ploxins/Furans 

Organics 

^ 1 

U.S.  EPATEF 

1 ,1  -Dichloroethene 

Vinyl  Chloride 

1 ,2-Dichloroethene 

Methyl  Chloride 

Metals 

1 ,2-Dichloropropane 

Styrene 

Aluminum 

1,3-Dimethylbenzene 

Phenol 

Antimony 

Acetone 

Benzaldehyde 

Arsenic 

Ammonia 

Benzoic  Acid 

Barium 

Benzene 

Acetonitrile 

Beryllium 

Bromomethane 

Acrylonitrile 

Boron 

Carbon  Tetrachloride 

Cyanogen 

Cadmium  • 

Chlorobenzene 

Hexachlorobenzene 

Calcium 

Chloroform 

Pentachlo  robenzene 

Chromium 

Ethylbenzene 

Tetra  chlorobenzene 

Cobalt 

Methanol 

T  richlo  robenzene 

Copper 

Methylene  Chloride 

Dichlorobenzene 

Iron 

Tetrachlorethene 

Biphenyl 

Lead 

Toluene 

4-Chlorobiphenyl 

Lithium 

Trichloroethene 

4,4-Chlorobiphenyl 

Magnesium 

Xylene 

Benzonitrile 

Manganese 

4*Chlorophenylmethylsulfone 

Pyridine 

Mercury 

4-Chlorophenylmethylsulfoxide 

Carbazole 

Molybdenum 

4-Nitrophenol 

Quinoline 

Nickel 

Aldrin 

Potassium 

Atrazine 

Selenium 

Hydrogen  Cyanide 

Benzofuran 

Silicon 

Dieldrin 

Dibenzofuran 

Silver 

Diisopropyl  Methylphosphonate 

Acenaphthalene 

Sodium 

Dimethyl  Methylphosphonate 

Acenaphthene 

Strontium 

Dimethyldisulfide 

Fluoranthene 

Thallium 

:  Dimethylphosphate 

Phenanthrene 

Tin 

Dithiane 

Pyrene 

.  Titanium 

Endrin 

Fluorene 

Vanadium 

Hexachlorocyciopentadiene 

Benzo(a)pyrene 

Yttrium 

Isodrin 

Dibenzo(a)anthracene 

Zinc 

Malathion 

Chrysene 

Parathion 

Supona 

Urea 

Particulate  Matter 

Vapona 

Carbon  Monoxide 

p,p-DDE 

Hydrogen  Chloride 

p,p-DDT 

Hydrogen  Fluoride 

Nitric  Acid 

Nitrogen  Dioxide 

Phosphate 

Sulfuric  Acid 

Sulfur  Dioxide 
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4.2.1  Kev  Organic  Pollutants 


Organic  compounds  were  identified  either  as  POHCs  from  an  analysis  of  the  waste  stream 
composition  or  from  the  analysis  of  PICs  resulting  from  combustion  of  the  POHCs. 
Approximately  40  POHCs  were  identified  covering  a  range  of  compounds  including  volatiles, 
semi-volatiles,  and  pesticides. 

Polychlorinated  dibenzo-p-dioxins  (dioxins)  and  polychlorinated  dibenzofurans  (furans)  were 
determined  from  an  evaluation  of  test  burn  data,  and  are  expressed  in  terms  of  toxic 
equivalency  factors  (TEFs)  based  on  the  most  recenypPA  guidance  (EPA,  1989a).  The 
specific  congeners  and  isomers  of  dioxins  and  furqgi |pne  evaluated  and  are  presented  in 
complete  detail  in  Section  5  (Appendix  5 A,  Tg|fe  5A-I|iipie  emissions  of  dioxins  and 
furans  are  expressed  in  terms  of  their  toxicity|f|lait|pnship  to  2,3,7,8-tetrachlorodibenzo-p- 
dioxin  (2,3,7,8-TCDD),  the  most  toxic  dioxin  derivative,  and  which  is  assigned  a  toxic 
equivalence  of  unity  (1.0).  All  other  corig^qef|:;p|Hfe  a  toxic  equivalence  of  some  fraction 
of  1.0  based  on  their  known  or  prqdf||||d  tdxffijy  in  various  animal  tests.  This  is  the  EPA 
accepted  approach  for  the  evaluapi|n  q|pkp|i^re  to  dioxins  and  furans.  Although  there  are 
numerous  weighting  schemqg|§||J%upe  TEFs,  WESTON  has  utilized  the  1989  EPA 
methodology  (EPA,  1989at||;Which  ilplso  internationally  accepted. 

4.2.2  Products  of  Incomplete  Corhbustion  fWith  or  Without  Precursors') 

Products  of  incomplete  (PICs)  are  organic  compounds  present  in  emissions  from  an 
incinerator  and  which  are  formed  from  the  thermal  breakdown  of  chemicals  present  in  the 
waste  stream,  reformation  reactions,  or  some  other  process  subsequent  to  incineration 
(Trenholm  and  Hathaway,  1984;  Oppelt,  1987).  Over  30  specific  PICs,  with  or  without 
precursors,  were  identified  (Table  4-1)  and  their  emission  rates  estimated  by  Dr.  Barry 
Dellinger3. 

3  Barry  Dellinger,  Ph.D.  Principal  Investigator,  Group  Leader,  Environmental  Sciences. 
University  of  Dayton  Research  Institute,  Dayton,  Ohio.  Nationally  recognized  expert 
on  the  evaluation  of  thermal  destruction  of  organic  hazardous  waste  constituents  and 
the  generation  of  products  of  incomplete  combustion. 
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4.2.3  Trace  Metals 


Thirty-one  metals  were  identified  for  evaluation.  Identification  of  metals  and  determination 
of  their  emission  rates  was  based  on  the  waste  stream  analysis,  test  burn  data,  and  EPA  Tier 
II  guidance  for  hazardous  waste  incineration  (EPA,  1989b)  as  discussed  in  detail  in  Section 
5. 


4.2.4  Criteria  Pollutants  and  Acid  Gases 

Selected  criteria  pollutants  (particulate  matter,  sulfur  dioxide,  nitrogen  dioxide,  and  carbon 
monoxide)  and  acid  gases  (primarily  hydrogen  c|i|Mde  and  hydrogen  fluoride)  were 
identified.  Their  emission  rates  were  determingifeom  tllfitprn  data,  vendor  guarantees, 
and  WESTON’s  hazardous  waste  emissions  id||ntdiF  database. 

4.3  Summary 

The  initial  pollutant  identificaticftpro^l^pH  its  interrelationship  with  the  methodology 
used  to  characterize  emissipn|fgle§^Sbdiscussed. 
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SECTION  5 


DETERMINATION  OF  EMISSION  RATES 


5.1  INTRODUCTION 


Once  the  pollutants  are  identified,  the  next  step  in  identifying  process  emissions  is  to  predict 
the  mass  of  these  pollutants  emitted  from  the  stack  over  time  (i.e.,  the  emission  rates’). 
Emission  factors  are  used  to  predict  the  concentrations  and  emission  rates  of  the  pollutants 
likely  to  be  emitted  from  proposed  facilities  or  frpjB|:  facilities  for  which  there  are  no 
emissions  data.  Emission  factors  account  for  variatjpl|ym  emissions  with  respect  to  facility 
capacities  and  stack  gas  conditions  (i.e.,  moistuBpconteri^^piperature,  and  excess  air)  so 
that  they  can  be  used  to  estimate  likely  emiss.j$§s  fpm  a  facility  that  is  basically  similar  in 
design  and  operation.  Therefore,  it  is  in^porta!fi||bat  the  emission  factors  be  developed 
from  emissions  data  from  comparable '^^Sif^l^ilkcilities.  The  assumptions  used  in 
developing  the  emission  factors  an^pptes  Mila  specific  pollutant  emitted  from  the  Rocky 
Mountain  Arsenal  Basin  F  Oquidji^astiiiub.£Ei6rged  Quench  Incinerator  were  based  on  the 
waste  stream  analysis,  test  Federal  or  Colorado  regulations,  or  WESTON’s 

comprehensive  database  ^f  incinpiiiikir  emission  test  results.  The  key  elements  of  the 
process  used  to  determine  th©i.basi;;  case  emission  factors  and  rates  for  a  pollutant  are 
presented  in  a  simplified  flow  diagram  (see  Figure  5-1).  A  more  detailed  discussion  of  the 
estimation  of  both  base  case  and  sensitivity  case  emissions  rates  is  presented  in  subsection 
5.3. 


5 2  APPROACH  USED  TO  ESTIMATE  EMISSIONS 

The  current  analyses  of  emissions  for  four  separate  groups  of  pollutants  are  reported  in  this 
section.  These  categories  are:  polychlorinated  dibenzo-p-dioxins  (dioxins  or  PCDDs)  and 
polychlorinated  dibenzofurans  (furans  or  PCDFs);  inorganics  (trace  metals);  volatile  and 
semi-volatile  organics  (including  products  of  incomplete  combustion  (PICs)  and  principal 
organic  hazardous  constituents  (POHCs);  and  the  criteria  pollutants  and  acid  gases.  To 
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provide  as  conservative  an  estimate  of  emissions  as  possible,  the  emission  factors  for  each 
category  of  pollutants  were  derived  from  several  methods  and  were  based  upon  one  or 
several  of  the  following  sources: 


The  test  burn  data  obtained  by  T-Thermal  in  February  1989  and  August  1990 

The  expected  waste  feed  rate  and  composition  (based  upon  previous  Basin  F 
sampling  data)  and  published  EPA  control  equipment  removal  efficiencies 

Federal  and  Colorado  emission  limitations 


•  Emission  test  data  obtained  from  other  hazardous  waste  incineration  facilities 
(from  WESTON’s  comprehensive  database) 

The  first  method  used  to  estimate  emissions  wp  based  ofMtie  test  burn  conducted  by  T- 
THERMAL  in  August  1990.  This  test  burn  Wp|e|mprised  of  nine  test  runs  performed  on 
a  pilot-scale  incinerator,  which  burned  liq^^and  hydrazine  wastewater.  Most  of 

the  test  runs  could  not  be  used  to  develop  ^uapoh^factors  because  dried  waste  clogged  the 
atomizing  tip  of  the  nozzle  during;|Ptiih|.;;;  Tlffire  were  no  equipment  operating  difficulties 
during  test  runs  4  and  8;  there^^^Blj^fst  runs  4  and  8  were  used  to  estimate  the 
expected  emission  rates  fob|®b^i§ furans.  Test  run  4  was  used  to  estimate  the 
expected  emission  rates  foil&ftals  aii  other  inorganics  (criteria  pollutants  and  acid  gases). 
The  average  of  all  the  test  runiPil§pised  in  determining  an  upper  bound  sensitivity  scenario 
for  metals  and  criteria  pollutants  and  acid  gases. 


The  second  method  used  to  estimate  emissions  was  based  on  the  expected  feed  rate  of  the 
waste  being  incinerated.  WESTON  investigated,  collected,  and  assembled  previous 
analytical  data  on  the  Basin  F  liquids.  Sources  of  information  and  test  data  included  Rocky 
Mountain  Arsenal,  Woodward-Clyde  Consultants,  T-THERMAL,  Waterway  Experiment 
Station,  Ebasco,  and  Shell  Oil  Company.  Testing  occurred  from  1978  through  1989. 
WESTON  also  performed  a  series  of  tests  on  the  pond  and  storage  tanks  in  August  and 
October  1989,  and  in  February  and  April  1990.  All  of  the  test  data  were  reviewed  and 
converted  into  common  units,  parts  per  million  by  weight.  Then  the  arithmetic  mean  and 
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the  maximum  values  were  determined  for  each  of  the  groups  of  data  (historical  Basin  F, 
pond,  and  storage  tanks).  The  maximum  of  the  arithmetic  means  was  determined  by  taking 
the  highest  value  of  the  arithmetic  means  for  the  historical  Basin  F,  pond,  and  storage  tank 
data.  Similarly,  the  maximum  of  the  maximums  was  determined  by  taking  the  highest  value 
of  the  maximums  determined  for  each  group  of  data. 

For  certain  inorganics,  the  maximum  of  the  arithmetic  mean  and  maximum  of  the  maximum 
waste  feed  values  were  used  to  estimate  the  expected  (i.e.,  base  case)  and  reasonable  worst 
case  (i.e.,  sensitivity  case)  emissions,  respectively.  For  metals,  the  volatilization  and  removal 
efficiencies  for  the  individual  elements  were  based  onfthe  Guidance  on  Metals  and  HCL 
Controls  from  Hazardous  Waste  Incineration  (ER^l|S89).  For  acid  gases,  criteria,  and 
other  inorganic  pollutants,  conversion  and  remo;?ipFefficieii||s  were  based  upon  regulatory 
requirements,  the  literature,  and  data  for  sim|lit:^Iutants. 

The  maximum  of  the  arithmetic  means^||r:®l|pste  feed  were  the  basis  of  expected 
emission  estimates  for  volatile  ani|lemi^®atile  organics  other  than  dioxins/furans. 
Destruction  efficiencies  and  were  estimated  by  Dr.  Barry  Dellinger  of 

the  University  of  Dayton  J^i^;e;^plp;|n,stitute  and  were  based  on  the  results  of  his 
experimental  studies.  Dr.ppellingeSi  report  is  presented  as  Appendix  5B. 

The  third  method  used  to  determine  the  emission  factors  was  based  on  EPA  Tier  II 
Guidelines  emission  levels  for  metals  (EPA,  1989).  The  Federal  government  has  developed 
metal  emission  guidelines  (Tier  II)  for  complex  and  noncomplex  terrain,  and  urban  and 
rural  areas.  These  guidelines  were  developed  as  emission  levels  that  would  generate 
acceptable  concentrations  of  carcinogenic  metals  such  that  more  refined  risk  analysis  would 
not  be  required.  The  sum  of  the  ratios  of  the  expected  total  emission  rates  of  carcinogenic 
metals  (arsenic,  beryllium,  cadmium,  and  chromium)  to  the  Tier  II  carcinogenic  metals 
emission  rates  must  not  exceed  1.0,  or  a  more  refined  dispersion  modeling  and  risk 
assessment  must  be  conducted.  These  emission  rates  were  not  applicable  to  this  facility 
because  more  refined  modeling  and  risk  assessment  was  conducted;  however,  the  Tier  II 
values  were  used  to  develop  the  sensitivity  case  emission  rates  for  metals. 
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The  fourth  method  used  to  determine  emission  factors  was  based  upon  a  comprehensive 
database  of  air  emissions  from  waste  burning  facilities  developed  by  WESTON.  The 
database  contains  information  compiled  from  12  hazardous  waste  incineration  facilities. 
Because  there  is  wide  variation  among  these  facilities  in  terms  of  incinerator  design, 
processing  capacities,  stack  gas  conditions,  combustion  conditions,  and  other  parameters, 
emission  factors,  which  are  independent  of  these  parameters,  are  used  to  standardize 
emissions  data.  Emission  factors  are  usually  calculated  as  the  mass  emissions  per  unit 
weight  of  waste  processed  (e.g.,  pounds  of  pollutant  per  ton  of  waste  processed),  or  as  the 
mass  emissions  per  standardized  stack  gas  volume  (e.g.,  nanograms  per  normal  cubic  meter 
of  stack  gas).  Consequently,  emission  factors  can  be  j$ed  to  estimate  the  emissions  rates 
for  facilities  that  may  be  similar  in  concept  but  thafep^iyary  in  design  and  operation.  The 
sensitivity  case  for  dioxins  and  furans  was  basepppon  thi|S5  percent  confidence  interval 
(log-normal  of  the  mean)  of  the  emission  factopcaliiriated  for  the  facilities  in  the  database. 

5.3  PRESENTATION  OF  EMISSION  EMISSION  RATES 

Emission  factors  and  emission  -tiles  4p^|been  developed  for  the  following  groups  of 
pollutants: 

•  Dioxins  and  furans:;’l|||hj|p: 

•  Trace  metals 

•  Volatile  and  semi-volatile  organic  compounds  (including  PICs  and  POHCs) 

•  Criteria  pollutants  and  acid  gases 

The  emission  factors  and  the  emission  rates  used  in  the  health  risk  assessment  are  presented 
in  Table  5-1.  A  detailed  explanation  of  the  basis  for  selecting  the  emission  factors  and 
emission  rates  is  presented  in  Appendix  5A. 

Two  sets  of  emission  rates  are  shown  in  Table  5-1  for  each  pollutant.  The  first  set,  called 
the  base  case  emission  rates,  represents  the  most  likely  long-term  average  pollutant 
emissions.  The  second  set  of  emission  rates,  shown  in  Table  5-1,  represent  the  sensitivity 
case  values.  As  the  sensitivity  case  analysis  is  intended  to  show  the  effects  of  higher  than 
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Table  5-1 

Emissions  Factors  and  Emissions  Rates* 


Category/ 

Pollutant 


Dioxins/Furans 
U.S.  EPA  TEF 


(ton/yr) 


4.16E-09 


Base  Case  (a) 
db/hr) 


1.19E-09 


1.50E-10 


6.63E-08 


1.90E-08 


2.39E-09 


Metals 


Aluminum 

1.80E-G2 

5.15E-03 

6.49E-04 

2.50E-02 

7.14E-03 

8.99E-04 

Antimony 

6.34E-04 

L81E-04 

2.28E-05 

1.08E-01 

3.10E-02 

3.90E-03 

Arsenic 

3.59E-03 

1.03E-03 

1.29E-04 

8.67E-03 

2.48E-03 

3.12E-04 

Barium 

8.79E-04 

2.51  E-04 

3.16E-05 

1.83E+01 

5.24E+0Q 

6.60E-01 

Beryllium 

3.66E-05 

1.05E-05 

1.32E-06 

1.53E-03 

4.37E-04 

5.50E-05 

Boron 

2.68E-02 

7.65E-03 

9.63E-04 

3.63E-02 

1.04E-02 

1.31  E-03 

Cadmium 

1.04E-04 

2.98E-05 

3.76E-06 

2.03E-03 

5.79E-04 

7.30E-05 

Calcium 

1.54E-01 

4.39E-02 

5.53E-03 

2.93E-01 

8.36E-02 

1.05E-02 

Chromium 

2.47E-04 

7.05E-05 

8.88E-06 

3.32E-04 

9.49E-05 

1.20E-05 

Cobalt 

7.89E-04 

2.25E-04 

2.84E-05 

8.13E-04 

2.32E-04 

2.93E-05 

Copper 

3.35E+00 

9.59E-01 

1.21E-01 

6.35E+00 

1.82E+00 

2.29E-01 

Iron 

4.77E-02 

1.36E-02 

1.72E-03 

8.13E-02 

2.32E-02 

2.93E-03 

Lead 

1.12E-03 

3.21E-04 

4.05E-05 

3.33E-02 

9.52E-03 

1.20E-03 

Lithium 

1.10E-O4 

3.14E-05 

3.96E-06 

2.07E-04 

5.92E-05 

7.45E-06 

Magnesium 

1.43E-01 

4.08E-02 

5.14E-03 

2.39E-01 

6.81  E-02 

8.59E-03 

Manganese 

6.16E-03 

1.76E-03 

2.22E-04 

6.93E-03 

1.98E-03 

2.50E-O4 

Mercury 

9.93E-04 

2.84E-04 

3.57E-05 

1.08E-01 

3.10E-02 

3.90E-03 

Molybdenum 

1.10E-02 

3.15E-03 

3.97E-04 

1.14E-02 

3.25E-03 

4.09E-04 

Nickel 

2.86E-02 

8.18E-03 

1.03E-03 

2.97E-02 

8.49E-03 

1.07E-03 

Potassium 

1.14E+00 

3.25E-01 

4.09E-02 

2.54E+00 

7.24E-01 

9.13E-02 

Selenium 

9.20E+00 

2.63E+00 

3.31E-01 

9.20E+00 

2.63E+00 

3.31E-01 

Silicon 

1.58E-01 

4.52E-02 

5.70E-03 

1.89E-01 

5.41E-02 

6.81  E-03 

Silver 

9.52E-02 

2.72E-02 

3.43E-03 

1.08E+00 

3.10E-01 

3.90E-02 

Sodium 

1.17E+02 

3.34E+01 

4.21E+00 

5.56E+02 

1.59E+02 

2.00E+01 

Strontium 

3.66E-05 

1.05E-O5 

1.32E-06 

5.66E-05 

1.62E-05 

2.04E-06 

Thallium 

9.25E-03 

2.64E-03 

3.33E-04 

1.08E-01 

3.10E-02 

3.90E-03 

Tin 

8.09E-03 

2.31  E-03 

2.91  E-04 

8.79E-03 

2.51  E-03 

3.16E-04 

Titanium 

6.10E-05 

1.74E-05 

2.20E-06 

1.07E-04 

3.07E-05 

3.87E-06 

Vanadium 

2.34E-03 

6.68E-04 

8.42E-05 

2.62E-03 

7.49E-04 

9.44E-05 

Yttrium 

NA 

NA 

NA 

2.14E-05 

6.11E-06 

7.70E-07 

Zinc 

1.63E-02 

4.65E-03 

5.86E-04 

3.34E-02 

9.54E-03 

120E-03 

1,1-Dichloroethene 

3.81E-11 

1.09E-11 

1.37E-12 

1 ,2-Dichloroethene 

2.65E-11 

7.57E-12 

9.53E-13 

1 ,2- Die  hlo  ro  p  rop  a  ne 

3.07E-12 

8.77E-13 

1.11E-13 

1 ,3-Dimethy  lbenzene 

2.72E-08 

7.77E-09 

9.79E-10 

Acetone 

1.07E-11 

3.07E-12 

3.87E-13 

Ammonia 

3.26E-03 

9.32E-04 

1.17E-04 

Benzene 

1.40E-07 

3.99E-08 

5.03E-09 

Bromomethane 

1.36E-08 

3.89E-09 

4.90E-10 

Carbon  Tetrachloride 

4.34E-11 

1.24E-11 

1.56E-12 

Chlorobenzene 

3.37E-08 

9.62E-09 

1Z1E-09 

Chloroform 

6.87E-12 

1.96E-12 

2.47E-13 

Ethylbenzene 

4.08E-08 

1.17E-08 

1.47E-09 

Methanol 

1.63E-07 

4.65E-08 

5.86E-09 

Methylene  Chloride 

1.36E-08 

3.89E-09 

4.90E-10 

Tetrachlorethene 

5.43E-10 

1.55E-10 

1.95E-11 

Toluene 

6.80E-08 

1.94E-08 

2.45E-09 

Trichloroethene 

8.33E-11 

2.38E-11 

3.00E-12 

Xylene 

2.72E-08 

7.77E-09 

9.79E-10 

4-Chlorophenylmethylsulfone 

2.52E-11 

7.21E-12 

9.08E-13 

4-Chlorophenylmethylsulfoxide 

9.40E-11 

2.69E-11 

3.38E-12 

4-Nitrophenol 

5.76E-11 

1.64E-11 

2.07E-12 

Aldrin 

6.91E-12 

1.97E-12 

2.49E-13 

Atrazine 

1.54E-12 

4.39E-13 

5.53E-14 

r  r 


Table  5-1 
(continued) 


Category/ 

Pollutant 

(tonjyr) 

Base  Case  (a) 
(Ib/hr) 

(g/sec) 

Sensitivity  Case  (b) 
(tonjyr)  (Ibjhr) 

(g/sec) 

Organics 

Hydrogen  Cyanide 

6.46E-08 

1 .85E-08 

2.32E-09 

Dieldrin 

1.42E-12 

4.06E-13 

5.11E-14 

Diisopropyl  Methylphosphonate 

2.49E-10 

7.13E-11 

8.98E-12 

Dimethyl  Methylphosphonate 

5.95E-09 

1.70E-09 

2.14E-10 

Dimethyldisulfide 

6.91E-10 

1.97E-10 

2.49E-11 

Dimethylphosphate 

1.63E-09 

4.66E-10 

5.87E-11 

Dithiane 

2.49E-13 

7.13E-14 

8.98E-15 

Endrin 

1.38E-12 

3.95E-13 

4.97E-14 

Hexachlorocyclopentadiene 

1.29E-11 

3.67E-12 

4.63E-13 

Isodrin 

3.65E-12 

1.04E-12 

1.31E-13 

Malathion 

5.56E-12 

1.59E-12 

2.00E-13 

Parathion 

7.68E-13 

2.19E-13 

2.76E-14 

Supona 

2.30E-12 

6.58E-13 

8.29E-14 

Urea 

9.98E-07 

2.85E-07 

3.59E-08 

Vapona 

6.14E-12 

1.75E-12 

2.21E-13 

p,p-DDE 

1.15E-08 

3.29E-09 

4.14E-10 

p,p-DDT 

2.30E-12 

6.58E-13 

8.29E-14 

PICs  with  Specific  Precursors 

Vinyl  Chloride 

1.36E-07 

3.89E-08 

4.90E-09 

Methyl  Chloride 

1 .36E-07 

3.89E-08 

4.90E-09 

Styrene 

1.36E-07 

3.90E-08 

4.91E-09 

Phenol 

7.37E-07 

2.11E-07 

2.65E-08 

Benzaldehyde 

1.42E-07 

4.05E-08 

5.10E-09 

Benzoic  Acid 

6.86E-08 

1.96E-08 

2.47E-09 

|  Acetonitrile 

6.52E-10 

1.86E-10 

2.35E-11 

Acrylonitrile 

6.52E-11 

1.86E-11 

2.35E-12 

Cyanogen 

6.52E-12 

1.86E-12 

2.35E-13 

Hexachlorobenzene 

4.64E-10 

1.32E-10 

1.67E-11 

Pentachlorobenzene 

2.07E-10 

5.93E-11 

7.47E-12 

Tetrach  lo  robenzene 

8.75E-11 

2.50E-11 

3.15E-12 

Trichlorobenzene 

4.62E-11 

1.32E-11 

1.66E-12 

Dichlorobenzene 

2.45E-11 

6.99E-12 

8.81E-13 

Biphenyl 

6.82E-08 

1.95E-08 

2.45E-09 

4-Chlorob  ipheny  1 

7.88E-08 

2.25E-08 

2.84E-09 

4,4-Chlorobiphenyl 

1.03E-09 

2.95E-10 

3.72E-11 

Benzonitrile 

6.52E-11 

1.86E-11 

2.35E-12 

Pyridine 

6.52E-12 

1.86E-12 

2.35E-13 

Carbazole 

1.31E-11 

3.73E-12 

4.70E-13 

Quinoline 

3J26E-11 

9.32E-12 

1.17E-12 

PICs  without  Specific-Precursors 

Benzofuran 

2.72E-07 

7.77E-08 

9.79E-09 

Dibenzofuran 

1.36E-08 

3.88E-09 

4.89E-10 

Acenaphthalene 

6.80E-08 

1.94E-08 

2.45E-09 

Acenaphthene 

6.80E-08 

1.94E-08 

2.45E-09 

Fluoranthene 

4.08E-08 

1.17E-08 

1.47E-09 

Phenanthrene 

2.72E-08 

7.77E-09 

9.79E-10 

Pyrene 

1.36E-08 

3.88E-09 

4.89E-10 

Fluorene 

1.36E-08 

3.88E-09 

4.89E-10 

Benzo(a)pyrene 

1.36E-08 

3.88E-09 

4.89E-10 

Dibenzo(a)anthracene 

1.36E-08 

3,88E-09 

4.89E-10 

Chrysene 

i _ 

1.36E-08 

3.88E-09 

4.89E-10 
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Table  5-1 
(continued) 


Category/ 

Pollutant 

(ton/yr) 

Base  Case  (a) 

(lb/hr) 

( g/sec ) 

(ton/yr) 

Sensitivity  Case  (b) 
(lb/hr) 

(g/sec)  H 

Acid  Gases  &  Other  Compounds 

=---"  ■  ~ 

Particulate  Matter 

14.00 

(0 

4.00 

0.50 

14.00 

4.00 

0.50 

Carbon  Monoxide 

4.71 

1.35 

0.17 

7.29 

(e) 

2.08 

0.26 

Hydrogen  Chloride 

4.73 

(d) 

1.35 

0.17 

14.00 

(ft 

4.00 

0.50 

Hydrogen  Fluoride 

0.17 

0.049 

0.006 

0.32 

0.092 

0.012  i 

Nitric  Acid 

3.85 

1.10 

0.14 

3.85 

1.10 

0.14 

Nitrogen  Dioxide 

32.13 

9.18 

1.16 

143.22 

(ft 

40.92 

5.16 

Phosphate 

3.44 

0.98 

0.12 

15.04 

4.30 

0.54 

Sulfuric  Acid 

10.40 

2.97 

0.37 

17.34 

4.96 

0.62  ' 

Sulfur  Dioxide 

24.43 

(d) 

6.98 

0.88 

101.50 

(ft 

29.00 

3.65 

(a)  These  estimates  are  based  upon  the  acceptable  results  during  the  test  bum  for  dioxins/furans  and  the  maximum  of  the  acceptable 
test  results  or  the  maximum  of  the  averages  waste  stream  data  for  inorganics  (including  metals,  acid  gases  and  other  compounds). 

The  volatile  and  semi-volatile  organic  emissions  are  based  upon  Dellinger's  analysis  of  the  maximum  of  the  averages  wastestream  data. 

(b)  For  metals:  based  upon  the  maximum  value  of  the  test  results  from  the  test  burn,  the  maximum  of  the  maximum  values  from  the 
wastestream  data,  and  the  EPA  Guidance  Tier  II  limits  for  complex  terrain. 

For  dioxins/ furans:  based  upon  the  95%  confidence  interval  from  WESTON's  hazardous  waste  incinerator  emissions  database. 

For  acid  gases  &  other  compounds:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum  and  the  maximum  of  the 
maximum  values  from  the  wastestream  data. 

(c)  Based  upon  Colorado's  emission  limitation  of  0.08  gr/dscf  @  12%  C02. 

(d)  Based  upon  the  February  1989  test  bum,  which  tested  for  the  specific  compound. 

(e)  Based  upon  Federal  emission  limitation  of  100  ppm. 

(f)  Based  upon  vendor  performance  guarantees. 


average  pollutant  emissions  on  the  health  risk,  the  emission  factors  and  emission  rates  used 
are  on  the  high  end  of  the  expected  range  of  emissions. 

The  base  case  toxic  equivalence  emission  factor  for  dioxin/furan  is  based  on  the  acceptable 
runs  from  the  test  burn  (runs  4  and  8).  The  sensitivity  case  toxic  equivalence  emission 
factor  for  dioxin/furan  is  the  upper  95  percent  confidence  level  for  WESTON’s 
comprehensive  emissions  database.  The  upper  95  percent  confidence  level  was  selected  for 
use  in  the  sensitivity  case  because  the  95  percent  confidence  interval  of  the  mean  is  a  good 
statistical  predictor  of  two  measures:  the  range  within  which  there  is  95  percent  confidence 
that  the  true  mean  of  the  sample  facilities  would  fall,  and  the  range  within  which  95  percent 
of  the  results  of  new  tests  on  the  same  or  similar  facilities  would  be  expected  to  fall. 

For  the  trace  metals,  the  base  case  emission  fa|prs  and  emission  rates  were  based  on  the 
maximum  values  from  the  acceptable  runs  frdffiljy§lst  burn  (run  4),  or  from  the  controlled 
maximum  of  the  average  values  from  thg|ip^e  streiin,  whichever  was  greater.  Similarly, 
the  metals  emission  rates  developed  for  tl^  sdisiti^ity  case  were  based  on  the  maximum 
values  among:  :H|||. 

•  The  average  from  the  test  burn 

•  The  Tier  IL;||lptatiott|| 

•  The  controllM|haxirrtihi  of  the  maximum  values  from  the  waste  stream 

The  emissions  rates  for  the  volatile  and  semi-volatile  organic  compounds  were  based  on  the 
maximum  of  the  average  values  from  the  waste  stream,  their  destruction  efficiencies,  and 
products  of  incomplete  combustion  (PICs)  as  estimated  by  Dr.  Barry  Dellinger  (Appendix 
5B). 

The  base  case  emission  rates  for  other  inorganic  compounds,  including  acid  gases  and 
criteria  pollutants  were  based  on  the  maximum  values  between  the  acceptable  tests  from  the 
trial  burn  and  the  controlled  maximum  of  the  average  values  from  the  waste  stream.  Since 
total  particulate  matter  was  not  determined  during  the  trial  burn,  Colorado’s  emission 
limitation  was  used.  The  sensitivity  case  was  based  on  vendor  performance  guarantees  for 
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HC1,  N02,  and  S02.  The  other  pollutants  were  based  on  the  maximum  values  between  the 
average  of  all  test  runs  from  the  trial  burn  and  the  controlled  maximum  of  the  maximum 
values  from  the  waste  stream. 
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SECTION  6 


AIR  QUALITY  AND  DEPOSITION  MODELING  ANALYSIS 
6.1  INTRODUCTION 


Based  on  the  emission  factors  developed  in  Section  5,  both  ambient  concentrations  and 
deposition  rates  can  be  predicted.  Ambient  air  quality  effects  were  predicted  using 
EPA-approved  models.  However,  there  are  a  number  of  modifications  to  these  models  that 
have  been  performed  to  estimate  particle  depositiq®=  required  for  the  comprehensive 
all-pathway  risk  assessment.  This  section  describes  jf||pqdels  used,  explains  the  necessary 
modifications  to  determine  dry  and  wet  depjption,  ahtfcpresents  a  series  of  tables 
summarizing  the  results  of  the  modeling  anal$|!§* 

The  proposed  SQI  system  is  located  in  is  defined  as  flat  or  simple  terrain, 

based  on  EPA  criteria.  That  is,  i%|^^npi|^irea  of  the  facility,  there  is  no  terrain  that 
is  higher  than  the  release  height  -^ft^j^^Sse  elevation  plus  stack  height).  As  a  result, 
it  was  only  necessary  to  co ni|ttE|;oneH|j|(j|e  of  modeling  analysis  to  identify  the  worst-case 
predicted  ground-level  impict  of  thd||acility  on  ambient  air  quality.  This  included  a  simple 
terrain  (or  noncomplex  terram|||ya£i|ysis. 


The  simple  terrain  ipodeling  was  conducted  using  the  EPA-approved  model  known  as  the 
Industrial  Source  Complex  Short-Term  (ISCST)  air  dispersion  model. 


6.2  AIR  QUALITY  MODELING 


The  modeling  procedure  used  for  the  simple  terrain  analysis  followed  the  recommended 
techniques  described  in  Guidance  on  Air  Quality  Models  (Revised),  dated  July  1986  (EPA, 
1986a). 
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The  EPA  UNAMAP  VI  version  of  the  ISCST  model  was  used  to  calculate  ambient 
pollutant  concentrations  for  all  pollutants  for  the  terrain  surrounding  the  facility.  The 
ISCST  model  was  executed  in  the  rural  "regulatory"  mode,  which  selects  the  appropriate 
constants  and  features  to  be  consistent  with  the  requirements  defined  in  the  Guidance  on 
Air  Quality  Models  fRevisedV  including: 


Stack  tip  downwash 

Final  plume  rise 

Buoyancy-induced  dispersion 

Vertical  potential  temperature  gradient 

Treatment  for  calms 

Wind  profile  exponents  jf 


A  dense  polar  coordinate  grid  of  receptors  wagptab]ished;f6'  that  the  ambient  air  quality 
impacts  of  the  facility  could  be  estimated,  {u^gp-l  illustrates  these  estimated  ambient 
air  quality  impacts  through  a  series  of  CQl^atiatidfiipopleths. 


6.3  DEPOSITION  MODELING#" 

In  the  past,  health  risk  jpesshiifl?  fdr  toxic  pollutants  emitted  by  hazardous  waste 
incineration  facilities  have  Biiajimjipd  to  the  inhalation  pathway,  based  on  predictions  of 
ambient  exposure  levels  using  air^quality  dispersion  models  as  described  earlier.  Recently, 
concerns  about  potential  risks  from  indirect  pathways  have  led  to  the  necessity  of  conducting 
multipathway  risk  assessments.  To  conduct  such  studies,  estimates  of  the  rate  of  deposition 
over  time  for  toxic  pollutants  emitted  by  such  facilities  are  needed.  The  two  major  methods 
for  the  accumulation  of  materials  in  soils,  water,  and  vegetation  are  wet  and  dry  deposition. 
The  methods  used  to  estimate  each  of  these  processes  are  described  in  the  subsections  that 


follow. 
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Legend: 
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SOURCE:  BASF.  MAP  ADAPTED  FROM  USGS  30x60  MINUTE  SERIES. 

DENVER  EAST  AND  DENVER  WEST,  COLORADO  QUADS 
DATED  1981  AND  1983,  RESPECTIVELY 
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COMMERCE  CITY,  ADAMS  COUNTY 
COLORADO 


FIGURE  6-1 

FIVE  YEAR  AVERAGE  CONCENTRATION 
ISOPLETH  (Jigm/m3) 


6.3.1 


Dry  deposition  is  driven  by  atmospheric  processes,  the  properties  of  the  surfaces  upon  which 
materials  deposit,  and  the  properties  of  the  particles  being  deposited.  Previous  studies  of 
dry  deposition  have  used  only  gravitational  settling  velocities  to  remove  particles  from  the 
atmosphere.  In  particular,  the  EPA’s  Industrial  Source  Complex  (ISC)  model,  which 
contains  a  gravitational  algorithm,  has  been  used  in  the  past  to  calculate  dry  deposition. 
However,  this  model  generally  does  not  account  for  the  properties  of  the  particles  deposited, 
the  surface  properties  that  affect  dry  deposition,  or  the  hourly  meteorological  effects  other 
than  stability. 

Work  by  Sehmel  and  Hodgsen  (1978)  has  respited  in  a;  parameterization  of  the  dry 
deposition  process,  taking  more  fully  into  account  hourly  meteorological  conditions  (e.g., 
wind  speed,  stability,  etc.),  particle  properties  (e.g:,  density,  size),  and  the  surface  properties 
(e.g.,  surface  roughness)  upon  which  mateiiaf'i|i:d|y::deposited. 

The  basic  approach  to  dry  deposition  involves  calculation  of  the  ambient  ground-level 
concentration  and  the  deposililGpitveli^i^.  The  deposition  flux  is  given  by: 

-F  =  Vd  *  Xs 
Where: 

-F  =  Downward  flux  of  material  deposited 

Vd  =  Deposition  velocity 

X;  =  Ambient  concentration  for  pollutant  i 

Therefore,  if  an  estimate  of  the  deposition  velocity  and  the  ambient  concentration  for  a 
pollutant  can  be  made,  the  dry  deposition  flux  can  be  calculated.  Ransieri  and  Croes  (1987) 
of  the  California  Air  Resources  Board  (CARB)  have  developed  computer  algorithms  based 
on  Sehmel  and  Hodgsen’s  work  that  provide  hourly  values  of  dry  deposition  velocity  using 
preprocessed  meteorologic  data  that  can  be  obtained  using  the  EPA  preprocessor  program. 
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WESTON  has  modified  the  EPA  UNAMAP  VI  version  of  the  ISCST  model  incorporating 
the  CARB  algorithms  to  calculate  dry  deposition.  This  model  calculates  hourly  ambient 
ground-level  pollutant  concentrations,  as  well  as  hourly  deposition  velocities,  to  predict  the 
dry  deposition  flux  at  each  receptor. 

This  model  allows  for  building  wake  effects  and  terrain  adjustments  and  incorporates  a 
separate  surface  roughness  coefficient  (Z0)  for  each  receptor.  Source  information  required 
for  the  model  includes: 


Source  emission  parameters  jfj? 

Stack  height 

Stack  gas  velocity 

Stack  gas  temperature  jp|:'  ;ih; 

Pollutant  emission  rate  l|k. ..Jp 

Building  dimensions  (for  Wake,  effects  option) 

Mass  particle  size  distributititi 

Particle  density  (by  sjze) 


Required  meteorologic  information.,  is  provided  by  the  standard  UNAMAP  meteorologic 
preprocessor  file.  In  addition,  a  valine  for  the  surface  roughness  coefficient  (Z0)  must  be 
supplied  for  each  receptor.  Model  output  includes  the  annual  average  pollutant 
concentration  at  each  receptor,  the  total  annual  dry  deposition  at  each  receptor,  and  the 
average  annual  dry  deposition  velocity  at  each  receptor.  Figure  6-2  illustrates  the  dry 
deposition  in  the  study  area. 


6.3.2  Wet  Deposition 


The  wet  deposition  process  involves  the  removal  of  particles  by  precipitation.  Currently,  no 
widely  accepted  wet  deposition  models  are  available.  Several  studies  have  developed 
mechanisms  for  the  removal  of  particles  from  the  atmosphere  during  a  rain  storm.  These 
studies  assume  that  particle  washout  or  scavenging  is  proportional  to  the  mass  of  the  plume 
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exposed  to  the  rain  storm,  the  intensity  and  duration  of  the  event,  and  the  size  distribution 
of  the  particles  in  the  plume  (Radke  et  al.,  1980;  Scire  and  Lurman,  1983). 

The  scavenging  coefficients  that  have  been  developed  in  these  studies  are  based  on  a  very 
limited  number  of  original  studies  and  are  generally  related  to  removal  of  sulfate  aerosols. 
For  example,  the  work  of  Scire  and  Lurman  is  for  sulfate  and  nitrate  aerosols.  Radke  et 
al.  included  measurements  in  power  plant,  pulp  and  paper  boilers,  and  volcanic  plumes  that 
have  large  concentrations  of  sulfate  aerosols.  Since  these  aerosols  are  hygroscopic  (i.e.,  they 
have  an  affinity  for  absorbing  water  in  the  air),  it  is  likely  that  scavenging  coefficients  based 
on  these  sources  will  be  higher  than  for  other  lessJwater-soluble  species,  such  as  the 
pollutants  under  consideration  in  this  study.  Unfortunately,  there  are  no  quantifiable  data 
available  upon  which  to  base  a  more  reasonable  scaveiig||g  coefficient.  Therefore,  the 
scavenging  coefficients  used  in  this  study  should  he  viewed  as  conservative  and  should 
provide  an  upper  bound  on  the  amount  of. wet  deposition  likely  to  occur  in  an  area. 

EPA  (1986b)  has  developed  an  algopfhpi  that  rises  scavenging  coefficients  to  calculate  wet 
deposition  based  on  the  work  :pf;. BoWfnatt  et  al.  (1987)  and  Radke  et  al.  (1980).  The 
algorithm  includes  particle  si2<?ppd  rainfall  intensity-dependent  washout  coefficients  to 
calculate  wet  deposition  ibOsed  orilfche  mass  of  pollutants  in  a  vertical  column  of  air 
extending  from  the  bottom  to  the:  top  of  the  plume.  WESTON  has  integrated  this  algorithm 
into  the  ISCST  model  in  order  to  conservatively  calculate  wet  deposition  resulting  from  rain 
storms. 

To  calculate  wet  deposition,  the  same  information  used  for  the  dry  deposition  calculation 
is  required  (i.e.,  source-emission  characteristics  and  hour-by-hour  meteorology).  In  addition, 
rainfall  intensity  and  rainfall  type  (e.g.,  thunderstorm,  showers,  steady  precipitation)  are  also 
needed.  This  modei  has  been  modified  to  compute  dry  deposition  only  when  no  wet 
deposition,  i.e.,  no  rainfall,  is  occurring. 
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Therefore,  the  wet  and  dry  algorithms,  which  are  now  a  part  of  the  WESTON-modified 
EPA  ISC  model,  enable  WESTON  to  predict  the  total  deposition  resulting  from  emissions 
from  hazardous  waste  incineration  facilities.  Figure  6-3  illustrates  the  predicted  total  wet 
deposition  in  the  study  area,  and  Figure  6-4  illustrates  the  total  deposition  (wet  plus  dry). 
A  more  detailed  description  of  the  overall  deposition  modeling  analysis  and  relevant 
parameters  are  included  in  Appendix  6A  (Air  Quality  Modeling  Protocol). 


6.4  AIR  QUALITY  AND  DEPOSITION  MODELING  RESULTS 


As  noted  in  Subsection  6.2,  the  ISCST  model  results  wire  used  to  characterize  ambient  air 
quality  effects  due  to  facility  emissions.  Table  6-1  pfPe&ts  the  base  case  emission  rates  and 
the  annual  average  ground-level  pollutant  concentrations  o£|rganics,  inorganics,  and  metals 
as  predicted  by  the  model  for  the  exposure ^scenario.  Metals  produced  the  highest  risk. 
Four  exposure  scenarios  were  evaluateduiJV.tcrni'iipf  human  health  risk.  The  exposure 
assumptions  are  discussed  in  detail  in  Sec$prT8,  -^e  highest  risk  was  associated  with  the 
Resident-A  scenario  exposure 


efiSiitniSectisEs  10  and  11  for  a  full  discussion). 


The  deposition  modeling  analy|fepincltide.d  both  dry  and  wet  pollutant  deposition.  Table  6-2 
presents  the  dry  and  wet  dtpositiofeyalues  under  the  Resident-A  scenario  exposure. 
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Legend: 


ISOPLF.TII  (gm/rn  ) 
FIVE  YEAR  AVERAGE 
WET  DEPOSinON 


SCALE  IN  FEET 

1000  2000  3000 


SCALE  IN  METERS 


SOURCE:  BASE  MAP  ADAPTED  FROM  USGS  30x60  MINUTE  SERIES, 
DENVER  EAST  AND  DENVER  WEST,  COLORADO  QUADS 
_ DA'IED  1981  AND  1983,  RESPECTIVELY 


SUBMERGED  QUENCH  INCINERATOR 
BASIN  F 

ROCKY  MOUNTAIN  ARSENAL 
COMMERCE  CITY,  ADAMS  COUNTY 
COLORADO 


FIGURE  6-3 

FIVE  YEAR  AVERAGE  WET  DEPOSITION 
ISOPLETH  (gm/m2) 
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FIGURE  6-4 

FIVE  YEAR  AVERAGE  TOTAL  DEPOSITION 
ISOPLETH  (gm/m2) 


Table  6-1 


Predicted  Annual  Average  Ground-Level 
Concentration  for  Resident,  Scenario-A 


Pollutant 

Emission  Rate 
(g/sec) 

Annual  Average 
Concentration 

C^g/m3) 

ORGANICS 

Acetone 

3.87E-13 

1.76E-13 

Acetonitrile 

2.35E-11 

1.07E-11 

Acrylonitrile 

■BH 

1.07E-12 

Aldrin 

1.14E-13 

Atrazine 

. . . . . 

2.52E-14 

Benzaldehyde 

2.33E-09 

Benzene 

■HI 

2.29E-09 

Benzofuran 

■'ir^ftiE-09 

4.46E-09 

Benzoic  Acid  >  *.;  **• : : 

ini 

1.13E-09 

Benzonitrile 

■BBi 

1.07E-12 

Biphenyl  ; 

feu  2.45E-09 

1.12E-09 

Bromomethane  $S\t. 

4.90E-10 

2.23E-10 

Carbazole 

4.70E-13 

2.14E-13 

Carbon  Tetrachloride 

1.56E-12 

7.11E-13 

Chlorobenzene 

1.21E-09 

5.52E-10 

4-Chlorobiphenyl 

2.84E-09 

1.30E-09 

4,4-Chlorobiphenyl 

3.72E-11 

1.70E-11 

Chloroform 

2.47E-13 

1.13E-13 

4-Chlorophenylmethylsulfone 

9.08E-13 

4.14E-13 

4-Chlorophenylmethylsulfoxide 

3.38E-12 

1.54E-12 

p,p-DDE 

4.14E-10 

1.89E-10 

p,p-DDT 

8.29E-14 

3.78E-14 

Dibenzofuran 

4.89E-10 

2.23E-10 

Dichlorobenzenes  (total) 

8.81E-13 

4.02E-13 
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Table  6-1 

(continued) 


Pollutant 


1,4-Dichlorobenzene 


1,1-Dichloroethene 


1,2-Dichlorethene 


1,2-Dichloropropane 


Dieldrin 


Diisopropyl  Methylphosphonate 


1,3-Dimethylbenzene 


Dimethyldisulfide 


Dimethyl  Methylphosphonate 


Dimethylphosphate 


Dioxins/Furans  (EPA  TEFs) 


Dithiane 


Endrin 


Ethylbenzene 


Hexachlorobenzene 


Hexachlorocyclopentadiene 


Isodrin 


Malathion 


Methanol 


Methyl  Chloride 


Methylene  Chloride 


4-Nitrophenol 


Emission  Rate 
(g/sec) 


5.57E-14 


1.37E-12 


9.53E-13 


1.11E-13 


5.11E-14 


1.47E-09 


1.67E-11 


4.63E-13 


1.31E-13 


2.00E-13 


5.68E-09 


4.90E-09 


4.90E-10 


2.07E-12 


Annual  Average 
Concentration 
(^•g/m3) 


2.54E-14 


6.25E-13 


4.35E-13 


5.06E-14 


2.33E-14 


4.09E-12 


4.46E-10 


1.14E-11 


9.76E-11 


2.68E-11 


6.84E-11 


4.09E-15 


2.27E-14 


6.70E-10 


7.62E-12 


2.11E-13 


5.97E-14 


9.12E-14 


2.59E-09 


2.23E-09 


2.23E-10 


9.44E-13 


Acenaphthalene 

2.45E-09 

1.12E-09 

Acenaphthene 

2.45E-09 

1.12E-09 

Benzo(a)pyrene 

4.89E-10 

2.23E-10 

Chrysene 

4.89E-10 

2.23E-10 
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Table  6-1 

(continued) 


Dibenzo(a,h)  anthracene 


Fluoranthene 


Fluorene 


Phenanthrene 


Pyrene 


Parathion 


Pentachlorobenzene 


Phenol 


Pyridine 


Quinoline 


Styrene 


Supona 


T  etr  achlor  obenzene 


Tetrachloroethene 


Toluene 


Trichlorobenzene 


Trichloroethene 


Vapona 


Vinyl  Chloride 


Xylene 


INORGANICS 


Aluminum 


Ammonia 


Antimony 


Arsenic 


Barium 


Emission  Rate 
(g/sec) 


4.89E-10 


1.47E-09 


4.89E-10 


9.79E-10 


4.89E-10 


1.66E-12 


3.00E-12 


3.59E-08 


2.21E-13 


4.90E-09 


9.79E-10 


6.49E-04 


1.17E-04 


2.28E-05 


1.29E-04 


3.16E-05 


Annual  Average 
Concentration 
(Ag/m3) 


2.23E-10 


6.70E-10 


2.23E-10 


4.46E-10 


2.23E-10 


1.26E-14 


3.41E-12 


1.21E-08 


•  1.07E-13 


5.34E-13 


2.24E-09 


3.78E-14 


1.44E-12 


8.89E-12 


1.12E-09 


7.57E-13 


1.37E-12 


1.64E-08 


1.01E-13 


2.23E-09 


4.46E-10 


2.96E-04 


5.34E-05 


1.04E-05 


5.88E-05 


1.44E-05 
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Beryllium 


Cadmium 


Calcium 


Chromium  (III) 


Chromium  (VI) 


Cobalt 


Copper 


Cyanogen 


Hydrogen  Cyanide 


Phosphate 


Potassium 


Selenium 


Sodium 


Strontium 


Thallium 


Table  6-1 

(continued) 


Emission  Rate 
(g/sec) 


1.32E-06 


9.63E-04 


3.76E-06 


5.53E-03 


8.58E-06 


3.97E-04 


1.03E-03 


1.20E-01 


4.09E-02 


3.31E-01 


5.70E-03 


3.43E-03 


4.21E+00 


1.32E-06 


3.33E-04 


2.91E-04 


Annual  Average 
Concentration 
g/m3) 


6.02E-07 


4.39E-04 


1.71E-06 


2.52E-03 


3.91E-06 


1.38E-07 


1.30E-05 


5.52E-02 


1.07E-13 


1.06E-09 


7.84E-04 


1.85E-05 


1.81E-06 


2.34E-03 


1.01E-04 


1.63E-05 


1.81E-04 


4.70E-04 


5.47E-02 


1.87E-02 


1.51E-01 


2.60E-03 


1.56E-03 


1.92E+00 


6.02E-07 


1.52E-04 


1.33E-04 
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Table  6-1 

(continued) 


Pollutant 

Emission  Rate 
(g/sec) 

Annual  Average 
Concentration 

O^g/m3) 

Titanium 

2.20E-06 

1.00E-06 

Vanadium 

8.42E-05 

3.84E-05 

Yttrium 

7.70E-07 

3.51E-07 

Zinc 

5.86E-04 

2.67E-04 

CRITERIA  POLLUTANTS/ACID  GASES 

Carbon  Monoxide 

HHRHHi 

7.75E-02 

Hydrogen  Chloride 

— '  III  III  IIIIIB 

7.75E-02 

Hydrogen  Fluorides 

nr— 

2.74E-03 

Nitric  Acid 

‘"i^E-Oi 

6.38E-02 

Nitrogen  Dioxide 

5.29E-01 

Particulate  Matter 

2.28E-01 

4.01E-01 

Sulfuric  Acid  Mist  . 

1.69E-01 
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Table  6-2 


Pollutant 


ORGANICS 


Acetone 


Acetonitrile 


Acrylonitrile 


Atrazine 


Benzaldehyde 


Benzene 


Benzofuran 


Benzoic  Acid 


Benzonitrile 


Biphenyl 


Bromomethane 


Carbazole 


Carbon  Tetrachloride 


Chlorobenzene 


4-Chlorobiphenyl 


4,4-Chlorobiphenyl 


Chloroform 


4-Chlorophenylmethylsulfone 


4-Chlorophenylmethylsulfoxide 


p,p-DDE 


p,p-DDT 


Dibenzofuran 


Dichiorobenzenes  (total) 


Total  Deposition  Rates  for 
Resident,  Scenario-A 
(g/m2/yr) 


Dry  Deposition 


4.39E-14 


5.31E-12 


6.96E-14 


1.70E-15 


6.32E-15 


7.74E-13 


1.55E-16 


9.14E-13 


Total  Deposition 


8.22E-14 


9.94E-12 


1.30E-13 


3.18E-15 


1.18E-14 


1.45E-12 


2.90E-16 


1.71E-12 
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Table  6-2 

(continued) 


Pollutant 

Dry  Deposition 

Total  Deposition 

1,1-Dichloroethene 

NA 

NA 

1,2-Dichloroethene 

NA 

NA 

1,2-Dichloropropane 

NA 

NA 

Dieldrin 

9.56E-17 

1.79E-16 

Diisopropyl  Methylphosphonate 

1.68E-14 

3.14E-14 

1,3-Dimethylbenzene 

1.83E-12 

3.43E-12 

Dimethyldisulfide 

NA  ;;:if 

NA 

Dimethyl  Methylphosphonate 

7.49E-13 

Dimethylphosphate 

l.lOEilf’  ”^1 

|;=  2.05E-13 

Dioxins/Fur ans  (EPA  TEFs) 

5.25E-13 

Dithiane 

3.14E-17 

Endrin 

1.74E-16 

Ethylbenzene 

NA 

Hexachlorobenzene 

•  -‘^p-14 

5.84E-14 

Hexachloropcyclopentadiene 

&66E-16 

1.62E-15 

Isodrin  J§? 

’  ^  2.45E-16 

4.58E-16 

Malathion 

life,  M  3.74E-16 

7.00E-16 

Methanol 

1.06E-11 

1.99E-11 

Methyl  Chloride 

NA 

NA 

Methylene  Chloride 

NA 

NA 

4-Nitrophenol 

7.24E-15 

3.87E-15 

PAHs 

Acenaphthalene 

8.57E-12 

4.58E-12 

Acenaphthene 

8.57E-12 

4.58E-12 

Benzo(a)  pyrene 

1.71E-12 

9.14E-13 

Chrysene 

1.71E-12 

9.14E-13 

Dibenzo(a,h)  anthracene 

1.71E-12 

9.14E-13 

Fluoranthene 

5.14E-12 

2.75E-12 
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Table  6-2 

(continued) 


Table  6-2 

(continued) 
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SECTION  7 


DETERMINATION  OF  KEY  PATHWAYS  AND  POLLUTANTS 

7.1  INTRODUCTION 


The  exposure  assessment  serves  as  the  cornerstone  of  the  risk  assessment  process,  providing 
an  evaluation  of  the  potential  human  exposure  to  the  chemicals  of  concern.  The  source  of 
the  chemicals  of  concern  in  this  risk  assessment  is  the  stack  of  the  proposed  submerged 
quench  incinerator  at  the  Rocky  Mountain  Arsenal.  jPuman  exposure  to  these  emitted 
chemicals  may  occur  through  several  potential  envirdnjpental  pathways  (air,  water,  and  soil) 
and  by  several  routes  of  exposure  (inhalation,  J^estio^i^d  dermal  contact).  The  first 
important  step  of  the  exposure  assessment  is4i;;id£pify  the  relevant  pathways  and  routes 
of  exposure  that  are  specific  to  off-site  and  on-sil&i§ceptors. 

Gases  and  particulates  emitted  frong|^|;;prd^||ed  resource  recovery  facility  are  a  complex 
mixture  of  elements  and  compouflis.,  Jiplillibf  these  emissions  produce  an  adverse  health 
effect  through  all  exposure  pat|pay§iI|iih.erefore,  a  preliminary  evaluation  was  performed 
to  determine  the  polhitan^jipf  conc§|n  in  each  environmental  pathway  and  to  ensure  that 
all  pathways  and  pollutants  tha||inaj|pbtentially  pose  a  risk  to  human  health  were  ultimately 
addressed. 


This  section  discusses  in  detail  the  process  of  pathway  and  pollutant  selection.  Based  upon 
a  comprehensive  analysis  of  site  characteristics,  the  pathways  and  pollutants  that  are  clearly 
of  no  significance  to  health  risk  were  eliminated  from  further  consideration.  The 
subsequent  evaluation  then  focuses  on  those  pathways  and  pollutants  most  critical  to  the  risk 
assessment.  It  is  important  to  note  that  the  criteria  used  to  screen  potential  pollutants  and 
pathways  are  extremely  conservative  such  that  one  can  have  a  high  degree  of  confidence  that 
the  inclusion  of  these  eliminated  pathways  and  pollutants  in  the  risk  assessment  would  have 
had  only  a  negligible  effect  on  the  results.  Particular  emphasis  is  placed  on  an  evaluation 
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of  pollutants  and  pathways  of  specific  concern  for  infants  and  children,  who  represent 
sensitive  subgroups  of  the  population. 

Factors  considered  in  this  selection  process  included: 

•  Location  of  the  incinerator 

•  Local  land  use 

•  Local  water  use 

•  Existing  ambient  background  surface-water  and  soil  pollutant  concentrations 

•  Transport  modeling  results 

•  Relative  toxicity  of  emitted  pollutants 

•  Persistence  and  mobility  of  pollutants  jfo 

7.2  THE  PROCESS  OF  KEY  PATHWAY  ANRp^LLlFillStT  SELECTION 

An  initial  preliminary  evaluation  of  all  possible  pa|||ways  was  conducted  to  determine  the 
potential  for  population  exposure.  The  j^pfttl||mework  for  this  process,  illustrated  in 
Figure  7-1,  takes  the  form  of  a  J|i|||pn  :l§|work  designed  to  clearly  identify  the  key 
exposure  pathways  and  the  pollt||||si:pi|^j:be  associated  with  those  pathways. 

The  first  step  is  to  evalu|||e  the  &i||ission,  dispersion,  and  deposition  modeling  data  to 
determine  the  likelihood  and  human  exposure.  The  distribution  profile  of  emitted 

pollutants  in  each  of  the  environmental  media  is  contrasted  with  local  land  and  water  use 
activities  to  determine  the  likelihood  of  exposure  through  a  given  pathway.  The  exposed 
population  analysis  identifies  those  pathways  that  are  not  anticipated  to  result  in  significant 
human  exposure,  and  accordingly,  require  no  further  analysis.  The  pathways  associated  with 
likely  exposure  are  identified,  and  subsequently  undergo  a  quantitative  analysis  to  estimate 
the  extent  of  pollutant  transport  through  the  environment  and  the  magnitude  of  exposure 
to  humans.  This  more  detailed  analysis  of  the  magnitude  of  exposure  is  presented  in 
Section  8,  "Exposure  Assessment." 
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FIGURE  7-1  IDENTIFICATION  AND  CHARACTERIZATION  OF 
HUMAN  EXPOSURE  PATHWAYS 


7-3 


The  purpose  of  the  pollutant  selection  process  is  to  determine,  for  each  identified  pathway, 
those  pollutants  that  represent  a  potential  hazard  to  the  exposed  population.  Screening 
factors  that  were  considered  in  this  determination  include: 


Comparison  of  predicted  media  concentrations  of  each  pollutant  with  existing 
background  levels. 


Comparison  of  media  concentrations  with  established  indices  of  toxicity,  such 
as  Ambient  Water  Quality  Criteria  (AWQC)  for  the  Protection  of  Human 
Health. 


•  Toxicological  evaluation  in  the  absence  of  established  toxicity  criteria. 

•  Determination  of  persistence  and  m|Si|y  characteristics  specific  to  each 
pathway  (e.g.,  air,  water,  soil,  etc.)*;#' 

The  preliminary  pathway  and  pollutant  analysiPf|f|ased  on  the  assumption  that  pollutant 
transport  and  the  resultant  exposure  tdl^^^pjpon  occur  directly  through  air,  and 
indirectly  through  soil  and  water.  AmaiSsesiiiielf  of  the  potential  indirect  exposure  through 
food  supply  and  other  ingestion  p^v^^cpplucted  after  the  fate  of  the  emitted  material 
in  air,  soils,  and  water  has  been;es^^ted.  tJsing  ambient  concentration  data  developed 
for  each  of  these  media,  a  dpeririM^pri1!  made  of  the  potential  for  the  biological  medium 
to  serve  as  a  pathway  of  hum^j^xp^ure.  Such  biological  media  may  include  garden  fruits 
and  vegetables,  agricultural  crops,  agricultural  livestock,  and  recreationally  caught  fish.  A 
discussion  of  those  routes  of  exposure  via  food  consumption  is  presented  for  each  of  their 
respective  pathways  (e.g.,  soil-vegetable  consumption,  water-fish  consumption). 


The  subsections  that  follow  present  the  rationale  used  for  the  determination  of  primary 
routes  of  exposure  through  air,  soil,  and  water  pathways. 


7.3  AIR  PATHWAY 


The  inhalation  of  pollutants  predicted  to  be  emitted  to  the  atmosphere  from  the  submerged 
quench  incinerator  stack  represents  a  direct  route  of  human  exposure.  As  such,  all 


532C/S7 


7-4 


1/24/91 


pollutants  (both  carcinogens  and  noncarcinogens),  including  criteria  gases  and  particulates, 
were  evaluated  for  their  potential  adverse  health  effects  through  inhalation. 

The  organic  and  trace  metal  pollutants  in  ambient  air  may  exist  either  as  a  vapor  or 
adsorbed  onto  stack  gas  particulate  matter.  For  example,  the  majority  of  trace  metals 
emitted  from  the  combustion  process  are  generally  adsorbed  on  particulates  in  the  gas 
stream,  with  the  exception  of  the  more  volatile  metals,  such  as  mercury.  Studies  of  the 
distribution  of  organic  compounds  between  the  solid  (particulate)  or  vapor  phase  have 
yielded  conflicting  results.  For  example,  some  test  data  show  a  majority  of  organic 
compounds  in  the  vapor  phase,  whereas  other  tesfcfdata  show  a  majority  of  organic 
compounds  adsorbed  onto  the  particulate  matter  (jpalbaya  and  Hites,  1985). 

Given  the  equivocal  nature  of  these  studie^||tto;;|idgment  has  been  made  in  this  risk 
assessment  regarding  the  distribution  jfr.Jhe  fl||ytants  among  those  adsorbed  onto 
particulates  available  for  deposition,  or  t^e:^lj^-  vapor  phase  available  for  inhalation. 
It  is  therefore  conservatively  assuiji$ll||br  tfti§|oil  and  water  pathways  that  the  total  mass 
of  each  pollutant  emitted  froml|||e  ;ijp!iii|pi:br  stack  is  adsorbed  onto  particulates  for 
subsequent  deposition  on  soiliiSliaj|i^|fe;;for  the  inhalation  pathway,  the  total  mass  of  each 
pollutant  emitted  is  assu|j§|d  to  'iH|  in  the  vapor  phase.  The  pollutants  selected  for 
evaluation  by  the  inhalation  paihwiy  are  listed  in  Table  7-1. 

7.4  SOIL  PATHWAY 

Both  organic  and  inorganic  pollutants  adsorbed  onto  the  particulate  emissions  from  the  SQI 
reach  the  soil  principally  through  either  wet  or  dry  deposition.  Once  incorporated  into  the 
soil,  the  pollutants  are  available  for  transport  to  human  receptors  through  several  pathways, 
including: 

•  Direct  ingestion  of  soil 

•  Ingestion  of  locally  or  home  grown  agricultural  products 

•  Consumption  of  meat  and  dairy  products  from  locally  raised  animals 

•  Dermal  absorption 
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Table  7-1 


» 


List  of  Pollutants  Selected 
for  Inhalation  Pathway  Evaluation 


Organics 

Isodrin 

Beryllium 

Acetone 

Malathion 

Boron 

Acetonitrile 

Methanol 

Cadmium 

Acrylonitrile 

Methyl  Chloride 

Calcium 

Aldrin 

Methylene  Chloride 

Chromium  (III) 

Atrazine 

4-NitrophenoI 

Chromium  (VI) 

Benzaldehyde 

PAHs 

Cobalt 

Benzene 

Acenaphthalene 

Copper 

Benzofuran 

Acenaphthene 

Cyanogen 

Benzoic  Acid 

Benzo  (a)  pyrene 

Hydrogen  Cyanide 

Benzonitrile 

Iron 

Biphenyl 

Dibenzo(a,h)anth*acene  :B 

Lead 

Bromomethane 

Fluoranthene  .Sff 

Lithium 

Carbazole 

Fluorene  4BL. 

Magnesium 

Carbon  Tetrachloride 

PhenanthreneBiigiB 

Manganese 

Chlorobenzene 

Pyrene  "'Bifeu. 

Mercury 

4-ChIorobiphenyl 

Parathiolgn  . 

Molybdenum 

4,4-ChlorobiphenyI 

PentachlopfenpbBB1* 

Nickel 

Chloroform 

Phettijit.:..  'Ilf' 

Phosphate 

4-ChlorophenylmethyIsulfone 

Bpaiilt,,.  ;lii 

Potassium 

4-ChIorophenyImethylsuIfoxide 

Selenium 

p,p-DDE 

Silicon 

p,p-DDT 

Silver 

Dibenzofuran  jfe 

tfe&achiSrobenzene 

Sodium 

Dichlorobenzenes  (total)  Wi; 

Tetpchloroethene 

Strontium 

1,4-Dichlorobenzene 

Thallium 

1,1-DichIoroethene 

■‘s:s:H®ichIorobenzene 

Tin 

1,2-Dichloroethene 

Trichloroethene 

Titanium 

1,2-Dichloropropane 

Urea 

Vanadium 

Dieldrin 

Vapona 

Yttrium 

DiisopropylMethylphosphonate 

Vinyl  Chloride 

Zinc 

1,3-DimethyIbenzene 

Xylene 

Dimethyldisulfide 

Criteria  Pollutants /Ac 

Dimethyl  Methylphosphonate 

Inorcanics 

Carbon  Monoxide 

Dimethylphosphate 

Aluminum 

Hydrogen  Chloride 

Dioxins/Furans  (EPA  TEFs) 

Ammonia 

Hydrogen  Fluorides 

Dithiane 

Antimony 

Nitric  Acid 

Endrin 

Arsenic 

Nitrogen  Dioxide 

Ethylbenzene 

Barium 

Particulate  Matter 

Hexachlorobenzene 

Sulfur  Dioxide 

Hexachlorocycl  open  ta  diene 

Sulfuric  Acid  Mist 
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7.4.1  Potential  Routes  of  Exposure 


Based  on  local  land  use  and  population  activity  patterns  in  the  vicinity  of  the  Rocky 
Mountain  Arsenal,  the  anticipated  routes  of  exposure  through  the  soil  pathway  are  discussed 
in  the  subsections  that  follow. 

7.4.1.1  Dermal  Absorption  Through  Soil  Contact 


Exposure  to  pollutants  incorporated  into  soils  may  result  from  direct  contact  with  and 
subsequent  absorption  through  the  skin.  The  degree  of;gsposure  is  largely  dependent  on  the 
concentration  of  the  pollutant  in  the  soil,  the  ab§b:pi||an  rate  through  the  skin,  and  the 
frequency  of  contact  with  the  soil.  Dermal  expqipre  is  expeifced  to  occur  in  both  child  and 
adult  exposure  scenarios.  Home  gardens  and^fejctpairal  activities  are  common  in  the  area 
near  the  proposed  site  and  represent  one  qLthe  pnt$|j|pl  dermal  exposure  routes  for  adults. 
Adult  dermal  exposure  is  evaluated  in  Sub§|feti(@iiiii3  of  the  exposure  assessment.  Children 
are  expected  to  play  outside  and  qqpfl|in  cttilact  with  soil.  Dermal  exposure  of  children 
is  evaluated  in  Subsection  8.3.3,  .  •. 


7.4.12  Soil  and  Dust  Ingpftion 


Adults  and  children  may  inadvertently  ingest  soil  adhering  to  hands  during  work,  gardening, 
or  play.  Consequently,  soil  and  dust  ingestion  are  considered  potential  routes  of  exposure 
for  adults  and  children.  These  pathways  are  evaluated  in  Section  8. 


7.4. 1.3  Consumption  of  Vegetables  From  A  Typical  Home  Garden 

The  exposure  resulting  from  the  consumption  of  vegetables  from  a  typical  home  garden  has 
been  evaluated  in  the  exposure  assessment  (Subsection  8.2.2. 1)  for  the  following  reasons: 


The  prevalence  of  home  gardens  within  a  5-kilometer  radius  of  the  proposed 
site. 
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•  The  potential  for  vegetables  to  accumulate  certain  pollutants  from  the  soil  or 
for  the  pollutant  to  adhere  to  plant  surfaces. 

7.4. 1.4  Consumption  of  Milk 

Dairy  cattle  are  raised  in  the  vicinity  of  the  proposed  SQI  facility.  The  potential  exists  for 
bioconcentration  of  some  pollutants  in  the  milk  of  dairy  livestock  through  contaminated  feed 
ingestion,  and  local  residents  and  farmers  are  anticipated  to  consume  some  home-  or  locally- 
produced  milk.  Therefore,  exposure  resulting  from  the  consumption  of  cow’s  milk  is 
evaluated  in  Subsection  82.2.2. 

7.4. 1.5  Consumption  of  Beef  Products  "Elites:. 

In  addition  to  dairy  cattle,  livestock  may  alscN|||s.  reared  for  beef  consumption.  Beef 
production  is  regarded  as  a  potential  me^IljsBiypLinclirect  human  exposure  to  pollutants 
emitted  from  hazardous  waste  incingfatprs^p-  resource  recovery  facilities  (EPA,  1990a). 
A  quantitative  exposure  assessmgjfis  for  this  pathway  in  Subsection  8.22.2. 

7.4.2  Selection  of  PpJlutaBpfFor^l^  Pathway 

To  select  pollutants  of  concern  in  the  soil  pathway,  conservative  pollutant  soil  concentrations 
resulting  from  SQI  stack  emissions  were  predicted  and  then  compared  to  existing 
background  data.  This  screening  is  done  only  for  inorganics  since  organic  background  data 
were  not  available.  The  following  equation  was  used  to  predict  conservative  soil 
concentrations  of  the  inorganics: 

DR  *  AT  *  CF 

CS  = - 

BD  *  D 


532C/S7 


7-8 


1/24/91 


Where: 


Total  pollutant  concentration  in  soil  due  to  deposition  from  facility 
(mg/kg) 

Pollutant  deposition  rate  (g/m2  /yr) 

Accumulation  time  (2-year  lifetime  of  incinerator  unit) 

Bulk  density  of  soil  (1,425  kg/  m3) 

Mixing  depth  (0.01  m)  -  the  depth  of  the  soil  in  which  the  element  is 
retained  and  presumed  to  be  equally  distributed 

Conversion  factor  (1,000  mg/gp||i!;:.; 

The  soil  bulk  density  was  based  on  an  averag4ii^dk;&nsity  value  for  various  soil  types  that 
occur  in  the  vicinity  of  Rocky  Mountain  Arsenal  ’’(l^ice,  1990). 

In  estimating  soil  concentrations  jMiihis  ufftal  screening  analysis,  several  conservative 
assumptions  were  made:  411&,. 

•  Soil  concentf||ions  w&tp  calculated  using  the  upper  range  (i.e.,  sensitivity 
case)  e missioinistimatp  and,  consequently,  overestimated  the  probable  soil 
concentrations.  "  •• 


Soil  concentrations  were  calculated  for  the  location  of  maximum  total  (wet 
and  dry)  deposition.  This  represents  the  maximum  possible  soil  pollutant 
concentrations  to  which  a  potential  human  receptor  could  be  exposed. 


Pollutants  were  assumed  to  be  distributed  equally  throughout  the  soil  to  a 
depth  of  only  1  centimeter  (0.01  m).  This  maximizes  soil  concentrations  by 
at  least  one  order  of  magnitude  (in  the  more  detailed  analysis  in  Section  8, 
a  soil  depth  of  10  to  20  cm  was  used,  which  results  in  a  more  plausible 
pollutant  soil  concentration). 


Soil  concentrations  of  inorganic  chemicals  based  on  maximum  emission  rates  and  which 
were  used  in  the  initial  screening  process  are  presented  in  Table  7-2.  Appendix  8A 
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Table  7-2 


Comparison  of  Predicted  Inorganic  Soil  Concentrations  Due  to  Submerged  Quench 
Incinerator  Emissions  with  Existing  Background  Levels 


Pollutant 

2-year  Soil 

Concentration  (1  cm) 

Due  to  Incinerator 
Emissions  (mg/kg) 

Mean  Background* 
Soil  Concentration 
(mg/kg) 

Soil  Concentration/ 
Mean  Background 
Ratio 

Inorganics 

Aluminum 

0.018 

15,358.0 

0.00 

Antimony"1 

0.08 

ND 

NA 

Arsenic64 

0.01 

4.9 

0.00 

Barium 

13.00 

131.0 

0.10 

Beryllium64 

0.00 

6.1 

0.00 

Boron 

0.03 

29.0 

0.00 

Cadmium 

0.00 

0.58 

0.00 

Calcium 

0.21 

,6,379.0 

0.00 

Chromium  (total) 

0.00 

.::|r  18.0 

0.00 

Chromium  (VI)C 

0.00 

1.8 

0.00 

Cobalt 

0.00 

0.00 

Copper6 

4.50 

#'  lip' 

038 

Iron 

0.06 

i,.  ,#-16,424.0 

0.00 

Lead64 

0.02 

1||||  16.0 

0.00 

Lithium 

0.00 

10.0 

0.00 

Magnesium 

0.17 

Bill!:-"  2,673.0 

0.00 

Manganese 

0-01,:^,  !lM 

I"  !:S?:  .  180.0 

0.00 

Mercury6* 

O-OSplII  ’ll 

0.1 

0.77 

Molybdenum 

■1® 

14.0 

0.00 

Nickel 

20.0 

0.00 

Phosphate 

460.0 

0.00 

Potassium 

1,564.0 

0.00 

Selenium6 

6-50|§ 

0.97 

6.71 

Silicon 

300,000.0 

0.00 

Silver6 

’w' 

83 

0.09 

Sodium® 

392.98 

740.0 

033* 

Strontium 

0.00 

45.0 

0.00 

Thallium6 

0.08 

12 

0.06 

Tin 

0.01 

109.0 

0.00 

Titanium 

0.00 

2,600.0 

0.00 

Vanadium 

0.00 

39.0 

0.00 

Yttrium 

0.00 

25.0 

0.00 

Zinc 

0.02 

35.0 

0.00 

“WESTON,  Inc.  Draft  Background  Geographical  CharacterizationReport.  Rocky  Flats  Plant  Golden.  Colorado. 
Prepared  by  Roy  F.  Weston,  Inc.,  Lakewood,  Colorado,  December,  1989. 
bCarcinogen  by  oral  route  of  administration (EPA,  1990b). 

'Assumed  10%  of  chromium  (total). 

dSelected  as  a  contaminant  of  concern  for  soil  pathways  analysis. 

'Will  be  evaluated  by  dermal  route  of  exposure  through  the  soil  pathway. 

Values  shown  as  0.00  were  <  0.01  because  of  rounding  off  to  nearest  one-hundredth. 

Eliminated  as  a  contaminant  of  concern  based  on  its  low  toxicity  potential. 

NA  -  Not  applicable 
ND  -  Not  detected 
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presents  the  derivation  of  soil  concentrations  for  both  organics  and  inorganics  selected  for 
detailed  evaluation  in  the  exposure  assessment  (Section  8). 

To  determine  if  emissions  from  the  SQI  facility  would  elevate  the  concentrations  of 
inorganics  in  the  soil,  the  conservatively  predicted  levels  were  compared  with  local  average 
soil  background  concentrations  measured  at  the  Rocky  Flats  facility  (WESTON,  1989;  Table 
7-2).  Inorganic  pollutants  with  predicted  soil  concentrations  of  1  percent  or  more  of  the 
background  levels  (i.e.,  had  a  predicted  soil  to  background  ratio  greater  than  0.01),  were 
selected  as  pollutants  of  concern.  Based  on  this  criterion,  the  following  metals  were 
eliminated  from  all  exposure  routes  of  concern  in  the  jpil: 

Molybdenum 

•  1  Nickel 

•  Phosphate 

•  Potassium 

•  Silicon 

•  Strontium 

•  Tin 

•  Titanium 

•  Vanadium 

•  Yttrium 

•  Zinc 

Although  sodium  was  greater  thSl  1  percent  of  background  levels,  it  was  dropped  as  a 
pollutant  of  concern  through  the  soil  pathway  due  to  its  relatively  low  toxicity. 

Metals  classified  as  carcinogens  by  the  oral  route  (arsenic,  beryllium,  and  lead)  were 
selected  even  if  their  predicted  soil  level  met  the  criterion  for  exclusion.  Metals  known  to 
be  carcinogenic  only  by  the  inhalation  route  (cadmium,  chromium  VI,  and  nickel)  were 
screened  from  the  soil  pathway  (but  were  included  in  the  inhalation  pathway)  on  the  basis 
of  the  background  criteria. 

All  volatile  organic  compounds  (VOCs)  were  excluded  from  the  soil  pathway  based  on  the 
following  reasoning: 
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Aluminum 

Boron 

Cadmium 

Calcium 

Chromium  III 

Chromium  VI 

Cobalt 

Iron 

Lithium 

Magnesium 

Manganese  J 


VOCs  are  likely  to  be  emitted  as  vapors. 

VOCs  are  unlikely  to  be  deposited  in  soils  following  their  emission. 
VOCs  are  unlikely  to  be  persistent  in  soils,  if  deposited. 


For  purposes  of  this  screening  procedure,  a  VOC  is  defined  as  any  chemical  (carcinogen  or 
noncarcinogen)  with  a  vapor  pressure  greater  than  1E+02  mm  Hg  and/or  Henry’s  Law 
constants  greater  than  IE-03  atm-m3/mol  (Lyman  et  al.,  1982).  The  vapor  pressure  criterion 
was  derived  from  inspection  of  the  range  of  vapor  pressures  of  chemicals  that  EPA  classifies 
as  volatiles  (EPA,  1986a). 


All  other  organic  compounds  predicted  in  the  emissiojplist  were  included  for  evaluation  in 
the  final  soil  pathway.  Criterion  pollutants  and  were  excluded  on  the  basis  of 

their  physical  state  (gas)  and  were  evaluated  Qfdfin.the  inhalation  pathway.  The  final  list 
of  contaminants  that  were  evaluated  for  the  soi||ptfiway  are  presented  in  Table  7-3. 


7.5  SURFACE  WATER  PATHWAY 


There  were  no  waterbodies  desip®|flp<3r!iifiriking  water  use  within  a  10-km  radius  of  the 
SQI;  hence,  this  pathway  wapiP^l^psiSlj-e d  in  the  risk  assessment.  Several  surface  water 
bodies  were  identified  neaS||£  propped  site  that  provide  a  potential  for  indirect  exposure 
to  contaminants  through  the  iii|i|ibn  of  fish. 


Four  small  waterbodies  designated  for  recreational  fishing  were  determined  to  be  located 
approximately  8  km  west  of  the  SQI  and  were  within  the  predicted  deposition  area. 


Clear  Creek  Pond 
Engineers  Lake 
Rotella  Park  Pond 
Grandview  Ponds  1-4 


Engineers  Lake  was  selected  as  the  body  of  water  for  evaluation  of  the  fish  consumption 
pathway  for  the  following  reasons: 
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Table  7-3 


List  of  Pollutants  Selected  for  Soil  Pathway  Evaluation 


Organics 


Acetonitrile 

Aldrin 

Atrazine 

Benzaldehyde 

Benzofuran 

Benzoic  Acid 

Benzonitrile 

Carbazole 

4-Chlorobiphenyl 

4,4-Chlorobiphenyl 

4-Chlorophenylmethylsulfone 

4-Chlorophenylmethylsulfoxide 

p,p-DDE 

p,p-DDT 

Dibenzofuran 


Inorganics 


Dieldrin 

Diisopropyl  Methylphosphonate 

1,3-Dimethylbenzene 

Dimethylphosphate 

Dioxins/Furans  (EPA  TEFs) 

Dithiane 

Endrin 

HexachlorobenzeneJff’ 


Malathion 

Methanol 


Acenapl|ja^i|l!- 
Ace=iaph1%fe 
J§lfiz$(a)p^ne 


Antimony 

Arsenic 

Barium 

Beryllium 

Copper 


M{pcury 

“!l|jjpenium 

Silver 


Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 

Phenanthrene 

Pyrene 

Parathion 

Phenol 

Quinoline 

Supona 

Tetrachlorobenzene 

Trichlorobenzene 

Urea 

Vapona 
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It  was  the  closest  waterbody  to  the  facility  boundary  within  the  region  of 
highest  total  deposition. 

It  is  a  popular  recreational  fishery  with  a  variety  of  top  and  bottom  feeding 
species. 

Due  to  the  relative  size  of  its  watershed  area,  its  low  outflow  rates,  and 
therefore  long  retention  time,  pollutant  concentrations  will  be  maximized  so 
as  to  provide  a  conservative  estimate  of  pollutant  bioaccumulation  in  edible 
fish. 


Contaminants  for  the  surface  water  pathways  were  screened  using  a  modification  of  the 
conservative  Tier  1  analysis  (EPA,  1986b).  The  contaminant  water  concentrations  calculated 


with  the  Tier  1  method  are  based  on  the  assumptionp§|all  contaminants  emitted  from  the 
facility  in  a  1-year  period  are  directly  depositedpiito  thdl||ke.  Furthermore,  the  model 
typically  assumes  that  the  emitted  pollutant  ni|i§.is:;:cbncentrated  into  a  water  column  with 
a  volume  equivalent  to  one  square  meter  tjm;es  its'l|j|th  (in  meters).  This  latter  assumption 
is  included  to  compensate  for  the  large  dt^iiijii|tdr  associated  with  the  high  flow  rates 
and  short  retention  times  of  river<yjp||§trep§§  (for  which  the  Tier  1  model  is  designed). 
Engineers  Lake  was  assumed  to  iflg  low  turnover  (0.5  yr),  thus  it  would  be  too 

conservative  to  use  the  water|;Cpluh®ii:iyplume  to  calculate  the  water  concentrations  of 
contaminants.  Therefore«^^BST(j!lllihas  assumed  the  pollutants  are  distributed  throughout 
the  lake’s  volume.  NevertKllifesfilile  results  will  still  be  highly  conservative  given  the 
assumptions  that  50  percent  of  the  total  emitted  contaminant  mass  (i.e.,  emitted  over  1  year 
of  operation)  is  deposited  in  the  lake,  and  that  the  sensitivity  case  emission  rates  were  used. 
Furthermore,  no  degradation  or  dilution  was  assumed  in  the  Tier  1  screening.  All  VOCs 
were  excluded  from  this  analysis  and  from  the  detailed  surface  water  pathway  evaluation 
using  the  same  criteria  as  employed  for  soils  (Section  7.4.2).  Refer  to  Appendix  7A  for  a 
detailed  description  of  the  calculations. 


The  surface  water  concentrations  for  each  contaminant  predicted  from  the  Tier  1  analysis 
and  the  respective  Ambient  Water  Quality  Criteria  (AWQC)  for  fish  ingestion  (EPA,  1986c) 
are  presented  in  Table  7-4.  Contaminants  were  selected  for  analysis  in  the  surface  water 
pathway  if  the  predicted  surface  water  concentrations  for  a  given  chemical  exceeded  10 
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Comparison  of  Predicted  Surface  Water  Contaminant  Concentrations  in  Engineers  Lake 
with  U.S.  EPA  AWQC  for  Protection  of  Human  Health 
(Fish  Consumption) 
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percent  of  its  respective  health-based  AWQC,  or  if  the  contaminant  was  carcinogenic  by  the 
oral  exposure  route.  All  contaminants  evaluated  were  less  than  10  percent  of  their  health- 
based  AWQC  (Table  7-4)  and,  therefore,  were  excluded  from  further  analysis.  The  list  of 
pollutants  selected  for  the  surface  water  pathway  appears  in  Table  7-5. 

The  Tier  1  surface  water  concentrations  are  overly  conservative  and  are  intended  only  for 
screening  purposes.  The  Tier  2  method  (Appendix  7A)  is  used  to  further  evaluate  surface 
water  concentrations  for  the  selected  surface  water  pathway  contaminants,  taking  into 
account  deposition  and  dilution  based  on  lake  volume  and  outflow. 


7.6  CONSUMPTION  OF  BREAST  MTT.K 

An  important  pathway  for  evaluation  is  the  cpljnpjpiiion  of  breast  milk  by  infants  nursing 
from  mothers  exposed  directly  or  in4j|e;ctly  i^l&cility  emissions.  Chemicals  that 
bioaccumulate  in  fat  are  likely  to  achieve  measurafeleilevels  in  breast  milk.  Such  compounds 
are  organic  chemicals  with  high  lip|||aluh>!|g  and  persistence  in  body  tissues  (i.e.,  long 
whole  body  half-lives).  The  limi^^  fa|pi|fe:Jvaluating  these  pollutants  in  this  pathway  is 
the  lack  of  available  half-life^^q^tissi^distribution  data  necessary  to  determine  breast  milk 
concentrations  (refer  to  Aj||f ndix  for  the  equations  and  assumptions). 

With  the  possible  exception  of  lead,  there  are  insufficient  data  to  quantitate  the  transfer  of 
metals  into  human  breast  milk.  For  lead,  it  may  be  possible  to  estimate  transfer  into  breast 
milk  if  the  blood  lead  levels  of  the  mother  are  known.  However,  the  estimation  of  blood 
lead  levels  is  beyond  the  scope  of  this  risk  assessment. 

All  organic  compounds  were  included  in  the  evaluation  of  the  breast  milk  consumption 
pathway  for  noncarcinogenic  effects.  Those  organics  classified  as  oral  carcinogens  were 
evaluated  for  carcinogenic  risk  by  this  pathway.  Inorganics  were  excluded  from  this 
evaluation  due  to  the  insufficiency  of  data  for  estimating  breast  milk  concentrations. 


532C/S7 


7-16 


1/24/91 


Table  7-5 


List  of  Pollutants  Selected  for  Surface  Water  Pathway  Evaluation 


Organics 


Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic  Acid 
Benzonitrile 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
4-Chlorophenylmethylsulfone 
4-Chlorophenylmethylsulfoxide 
p,p-DDE 
p,p-DDT 
Dibenzofuran 


Aluminum 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 


Dieldrin 

Diisopropyl  Methylphosphonate 

1,3-Dimethylbenzene 

Dioxins/Furans  (EPA  TEFS) 

Dithiane 

Endrin 

Hexachlorobenzene 
Hexachlorocyclopentadpiie 
Isodrin  .juruipHiHUU::. 

Malathion  j|f’ 

Methanol  ;i;.  "^i|F 

4-NitrophenoP||l;;;;  j|§r 
pahs 

Acenaph^4g§^ 
Acenapht^indi!ili||f  • ' 

Magnesium 
Molybdenum 
Selenium 
Silver 
Strontium 


Chrotfii^I) 

Cotg|J 

COpP^lh..  ,:lf 

Iron 

Lead 

Lithium 


Benzo(a)pyrene 

Chrysene 

Dibenzo(a,h)anthracene 

Fluorene 

Phenanthrene 

Pyrene 

Parathion 

Phenol 

Quinoline 

Supona 

Trichlorobenzene 

Urea 

Vapona 


Tin 

Titanium 

Vanadium 

Yttrium 

Zinc 
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7.7  SUMMARY  OF  CRITICAL  PATHWAYS  AND  ASSOCIATED  POLLUTANTS  OF 
CONCERN 


The  following  list  presents  the  critical  routes  of  exposure  for  each  environmental  medium 
selected  on  the  basis  of  the  pollutant  pathways  analysis: 


•  Direct  inhalation  of  pollutant  emissions 

•  Ingestion  of  soil/house  dust 

•  Dermal  absorption  through  soil  contact 

•  Consumption  of  vegetables  from  home  gardens 

•  Consumption  of  milk 

•  Consumption  of  beef  products  J& 

•  Consumption  of  fish  .J|t 

•  Consumption  of  breast  milk  by  nur$i§|§  fil|jpts 

These  pathways  and  their  relationships  to  eacli^|pr  are  presented  in  Figure  7-2. 

For  each  of  the  foregoing  critical  routes  dl|sp^lre,  the  associated  pollutants  of  concern 
selected  for  the  quantitative  expo^|pl;;a||e§sri%t  and  risk  characterization  are  presented  in 
Table  7-6.  ^  V  -  • 
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MHMMNMMi 


FIGURE  7-2  ENVIRONMENTAL  PATHWAYS  AND  ROUTES  OF  EXPOSURE 


Final  List  of  Pollutants  and  Respective  Exposure  Pathways  to  Be  Evaluated 
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Vegetable  Milk  Beef  Soil/Dust  Fish  Dermal  Breast  Milk 

Pollutants _ Inhalation  Consumption  Consumption  Consumption  Ingestion  Consumption  Absorption  Ingestion 


X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 


X  X  X  X  X 


X  X  X  X  X 


X  X  X  X  X 


X  XXX  xtllt" 


x  mm.  : 


X  X  X  X  X 


X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 


7-21 


Table  7-6 

(continued) 
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Acenaphthalene 

Acenaphthene 

Benzo(a)  pyrene 

Chrysene 
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Vegetable  Milk  Beef  Soil/Dust  Fish  Dermal  Breast  Milk 

Pollutants _ Inhalation  Consumption  Consumption  Consumption  Ingestion  Consumption  Absorption  Ingestion 
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Table  7-6 
(continued) 


Breast  Milk 
Ingestion 
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SECTION  8 


EXPOSURE  ASSESSMENT 


8.1  INTRODUCTION 


The  goal  of  this  section  is  to  predict  the  potential  exposure  concentrations  and  the  daily 
intakes  for  all  of  the  identified  pathways  and  pollutants  under  average  expected  (base  case) 
emissions  conditions.  This  section  incorporates  information  from  each  of  the  preceding 
sections  with  site-specific  information  such  as  meteorological  conditions,  land  use  patterns, 
agricultural  practices,  etc.,  in  order  to  predict  the  .|p^iJtant  levels  to  which  "hypothetical" 
individuals  would  be  exposed.  Daily  intakes  of:|p(IlutaiiSpsfre  estimated  for  each  of  the 
individuals  and  were  used  in  the  estimation  oipsk|phsed  on  the  toxicity  values  presented 
in  Section  9.  "Iffe:., 


Dispersion  and  deposition  modeling|ip|§senl||nn  Section  6,  identified  how  pollutants  were 
distributed  in  the  area  surroun^^jthi^^l^ispersion  modeling  identified  the  ambient 
air  concentrations  of  the  po^^pt^pand  deposition  modeling  identified  the  pollutant 
deposition  rates  under  bjofn  dry  111  wet  deposition  conditions.  This  information  was 
integrated  with  information  dSiioerJiig  land  uses  surrounding  the  proposed  SQI  on  RMA 
to  select  hypothetical  human  receptors  for  the  exposure  assessment. 


8.1.1  Characterization  of  Exposure  Scenarios 


Numerous  potential  exposure  scenarios  are  possible  in  the  study  area  surrounding  the 
proposed  SQI  at  RMA.  The  objective  of  this  assessment  is  to  calculate  the  potential  risk 
to  a  reasonable  maximally  exposed  individual  (RMEI).  "Reasonable  maximum  exposure" 
is  defined  by  the  EPA  as  "the  highest  exposure  that  is  reasonably  expected  to  occur  at  a  site" 
(EPA,  1989a).  However,  because  the  results  of  the  modeling  effort  indicate  varying  patterns 
of  wet  deposition,  dry  deposition,  and  ambient  air  concentrations,  both  within  and  outside 
the  arsenal  boundaries,  it  is  difficult  to  define  "a  priori"  an  absolute  RMEI  that  represents 
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the  maximally  exposed  person.  Therefore,  to  meet  the  requirements  of  the  Final  Decision 
Document  (Woodward-Clyde,  1990a),  four  reasonable  maximum  exposure  scenarios  were 
evaluated  in  the  risk  assessment.  The  scenario(s)  ultimately  yielding  the  greatest 
carcinogenic  risk  and  noncarcinogenic  health  effects  will  be  used  as  the  basis  to  assess 
numerical  chemical  emissions  limits  for  the  SQI. 

The  scenarios  presented  below  represent  hypothetical  current  use  conditions.  No  future  use 
conditions  were  evaluated  since  hypothetical  exposures  in  this  case  would  not  likely  exceed 
any  present  use  exposures;  this  is  based  on  the  assessment  that  pathways  of  exposure  and 
areas  of  maximum  effect  of  emissions  would  not  be  different  from  any  of  the  present  use 
conditions  assessed.  The  four  potential  RMEIs  w|pl||iaracterized  as: 

•  Resident  A  4§|L  jff!r 

A  hypothetical  individual  currenil^flying  within  the  off-site  residential  area 
where  inhalation  and  dry  be  maximal  (i.e.,  just  north  of  the 

fenceline). 

•  Resident  B  Hi; 

A  hypothetical  ind^^ua|pi®pitiy  living  within  the  off-site  residential  area 
where  total  depqsitii^||dry  plus  wet)  is  maximal  (i.e.,  just  south  of  the 
property  fencgpi5||lii:; 

•  Farmer  .JiF 

A  hypothetical  ihlf^itual  currently  living  on  a  local  cattle  farm  where  total 
deposition  is  highest  for  that  land  use  (i.e.,  just  northwest  of  site). 

•  On-site  Worker 

A  maintenance  worker  on-site  exposed  to  area-weighted  air  and  soil 
concentrations  of  pollutants  as  determined  from  the  modeling  results. 

The  respective  locations  of  these  RMEIs  are  approximated  on  the  site  diagram  in  Figure 
8-1.  The  deposition  values,  isopleths,  and  specific  locations  were  discussed  in  more  detail 
in  Section  6.  The  following  text  describes  in  detail  the  exposure  routes  and  general 
assumptions  for  each  scenario. 
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AREA  OF  MAXIMUM  DRY  DEPOSITION 
AND  MAXIMUM  GROUNDLEVEL  AMBIENT  AIR 
CONCENTRATION  ( RESIDENT  A ) 

AREA  OF  MXIMUM  TOTAL  DEPOSITION  ( RESIDENT  B ) 
AREA  OF  MAXIMUM  TOTAL  DEPOSITION  FOR 
LOCAL  CATTLE  FARM  (FARMER) 

ON-SITE  MAINTENANCE  WORKER  EXPOSED  TO 

AREA  WEIGHTED  TOTAL  DEOSITION  AND  GROUNDLEVEL 

AMBIENT  AIR  CONCENTRATIONS 


NORTH 


SCALE  IN  MILES 


mmm  commercial  and  service 
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SOURCE:  EBASCO,  1990 
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FIGURE  8-1  GENERAL  LOCATIONS  OF  REASONABLE,  MAXIMALLY-EXPOSED 
INDIVIDUALS  BASED  UPON  AMBIENT  AIR  AND  DEPOSITION  MODELING. 


Resident-A  Scenario  --  Resident-A  is  assumed  to  be  living  in  a  residential  area  where  off¬ 
site  dry  deposition  and  ambient  air  concentrations  are  maximal.  This  area  falls  outside 
thearsenal  boundaries  (off-site)  since  individuals  are  not  permitted  to  live  on  the  grounds 
of  the  arsenal  (U.S.  Army,  1990a).  The  maximum  off-site  dry  deposition  and  air 
concentration  occur  at  the  same  location,  directly  north  of  the  arsenal  (i.e.,  bearing  010°  and 
2,000  meters  from  the  proposed  SQI).  The  site-specific  contribution  of  wet  deposition  at 
this  location  also  was  included. 


Resident-A  is  assumed  to  be  exposed  to  all  pathways  of  exposure  listed  for  the  air 
(Subsection  7.3),  soil  (Subsection  7.4),  and  surface  wajfr  (Subsection  7.5)  pathways.  The 
air  pathway  represents  the  route  of  exposure  for  jpl^ant  inhalation.  The  soil  pathway 
includes  the  following  routes  of  exposure:  ilF 


Soil/dust  ingestion 
Dermal  absorption  :1§ 

Vegetable  consumption 
Milk  and  beef  consujgpibn 


The  surface  water  pathway  in^ag||jlJ§§h  ingestion  route  of  exposure.  The  milk  and  beef 
that  are  consumed  are  ass|j|fted  to  f||  obtained  from  a  local  farm,  which  is  the  same  farm 
evaluated  under  the  Farmer  'Silica®. 


Mother’s  milk  ingestion  and  inhalation  are  the  only  pathways  evaluated  for  infant*;  (all 
resident  and  farmer  scenarios). 


Resident-B  Scenario  -  Resident-B  is  assumed  to  be  living  in  a  residential  area  where  off-site 
wet  (and  total)  deposition  is  maximal.  As  with  the  Resident-A  scenario,  Resident-B  is 
assumed  to  be  living  off-site.  The  Resident-B  location  falls  directly  south  of  the  arsenal 
(i.e.,  bearing  180°  and  6,000  meters  from  the  proposed  SQI).  Resident-B  is  assumed  to  be 
exposed  through  the  same  pathways  of  exposure  through  which  Resident-A  is  exposed. 
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Farmer  Scenario  ~  For  the  Farmer  scenario,  it  was  assumed  that  a  cattle  farm  is  located 
where  off-site  deposition  (wet  and  dry)  and  air  concentration  are  highest  for  that  land  use. 
This  location  was  chosen  based  on  areas  where  cows  were  observed  grazing,  and  is  located 
off-site  (i.e.,  bearing  300°  and  2,500  meters  from  the  proposed  SQI).  It  was  assumed  that 
the  individual  at  this  location  is  a  subsistence  farmer,  and  so  not  only  raises  beef  and  dairy 
cattle,  but  also  grows  cattle  feed  and  vegetables.  The  pathways  of  exposure  evaluated  under 
the  Farmer  scenario  are  the  same  as  those  being  evaluated  for  the  Resident-A  and 
Resident-B  scenarios. 


Worker  Scenario  -  Since  the  highest  air  concentratiohjof  pollutants  as  well  as  maximum 
deposition  and  consequent  soil  concentrations  wergpifeelicted  to  occur  on  the  arsenal  site 
proper,  a  scenario  that  evaluates  a  worker  at  thefpsenal  Wilfdeveloped.  Maximal  exposure 
would  occur  to  those  workers  who  spen^|||ieil|reatest  amount  of  time  outdoors. 
Maintenance  workers  on  the  road  and  theagpuncMsi^w  spend  90  percent  of  a  working  year 
outside,  and  thus  are  the  workers  at  the  ara;inaif|i||itoave  the  highest  potential  for  exposure. 
Their  work  activities  include  roa^|||air  ^ilfl  grading,  building  or  fixing  culverts  and 
drainage  ditches,  building  or  teat|§g;  dj(pii|e®ces,  snow  removal,  etc.  They  have  complete 
access  to  the  entire  arsenal  (j|i|||jQ.:.iac^||,;  and  could  be  working  in  any  area  of  the  arsenal 
at  any  given  time  (U.S.  Affjfy,  1990§j|.  Thus,  area-weighted  total  deposition  rates  and  air 
concentrations  for  the  entire:;^sefli|ir;were  used  in  estimating  risk  to  the  worker. 


The  routes  of  exposure  evaluated  under  the  Worker  scenario  include  inhalation,  soil/dust 
ingestion,  and  dermal  absorption  from  soil.  These  are  the  only  routes  through  which 
exposure  is  expected  to  occur  to  the  worker. 


8.1.2  General  Approach 

The  following  subsections  evaluate  the  potential  exposure  to  pollutants  through  each  of  the 
exposure  routes  under  consideration  and  are  summarized  in  Table  8-1.  The  estimated 
exposure  concentrations  were  calculated  using  the  base  case  emission  rates  for  each  of  the 
pollutants  (refer  to  Section  5).  Pollutant  intakes  expressed  in  milligram  of  pollutant  per 
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kilogram  of  body  weight  per  day  (mg/kg/day)  were  calculated  for  an  adult  (Subsection  8.2), 
a  child  age  1  to  6  years,  and  an  infant  age  0  to  1  years  (Subsection  8.3).  Because  of  their 
behavioral  patterns  (e.g.,  frequent  hand-to-mouth  contact,  frequent  outdoor  play)  and  their 
small  body  size,  small  children  might  have  the  potential  for  a  greater  intake  of  pollutants 
than  an  average  adult  and,  therefore,  might  be  at  a  higher  risk.  Similarly,  breast  feeding 
infants,  because  of  their  small  body  size,  may  be  at  risk  due  to  the  concentration  of 
pollutants  in  mother’s  milk. 


The  calculation  of  exposure  doses  is  a  complex  process  and  involves  numerous  variables  that 
must  be  estimated.  In  calculating  exposure  doses,  WESTON,  in  cooperation  with  RMA 
Project  Management  Personnel  and  EPA  Region  VDEpl^eloped  exposure  factors  consistent 
with  the  following  documents:  if®-’ 


Ebasco  Services,  Inc.  1990.  Finlllfiaman  Health  Exposure  Assessment  for 
the  Rocky  Mountain  Arsgh^i::.::.yolfte  IV.  Preliminary  Pollutant  Limit 
(PPLV1  Methodology.  September,  1990.  Contract  No. 

DAAA15-88-0024. 

ESE  (EnvironmetflL  J§pii|e!r:«fe  Engineering,  Inc.),  Harding  Lawson 
Associates,  and  AppM||pnvir6nmental,  Inc.  1989.  Technical  Support  for 
Rocky  Mouptmi^iiilxVrSehiil.  Offpost  Operable  Unit  Endangerment 

A _ A  J.T&l' _ *1_  J _ *A  A _ 1  •  _  t  l  A  •  -n  • 


Volume  I.  B&aift  Firip  Report  Version  2.1.  March  1989.  Contract  No. 
DAAA15-88-D-**“! . 


Woodward-Clyde  Consultants.  1990.  Draft  Public  Health  Risk  Assessment 
Report.  Submerged  Quench  Incinerator.  Task  IRA-2,  Basin  F  Liquids 
Treatment  Design.  Version  2.1.  January  1990.  Contract  No.  DAAA15-88-D- 
0022/0001. 


When  exposure  factors  were  available  in  these  documents,  they  were  used.  If  appropriate 
exposure  factors  were  not  available,  or  there  were  inconsistencies  between  available  factors 
and  the  identified  exposure  scenarios,  then  standard  EPA  references  or  other  relevant 
references  were  used  for  their  selection.  In  some  cases,  variables  specific  to  the  RMA  area 
were  obtained  from  local  agencies  (e.g.,  types  of  livestock,  types  of  forage,  crop  yield, 
growing  time  for  vegetables,  etc.).  Tables  that  present  the  predicted  intakes  of  pollutants 
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through  the  applicable  exposure  routes  for  adults,  children,  and  infants  are  presented  at  the 
end  of  Section  8  . 


The  soil  concentrations  used  in  the  estimation  of  pollutant  intakes  through  soil-mediated 
exposure  routes  were  based  on  pollutant  deposition  calculated  for  a  2-year  facility  lifetime. 
Two  soil  concentrations  were  calculated  for  pollutants  of  concern  through  soil-related 
pathways,  one  representing  the  maximum  soil  concentration  (i.e.,  the  concentration  at  the 
end  of  year  2),  the  other  representing  the  average  soil  concentration  over  70  years  (an 
average  lifetime).  They  are  described  in  Appendix  8A.  The  average  soil  concentrations 


over  the  70-year  exposure  period  were  used  in  calculating  carcinogenic  risk  through  all 
soil-mediated  pathways  for  children  and  adults,  sinpiii^i;calculation  of  carcinogenic  risk  is 
based  on  a  70-year  lifetime  exposure.  Infants  ;ap  expos^lifor  only  1  year,  during  which 
exposure  concentrations  will  be  at  a  maxiniMn..;rfh  order  to  prevent  underestimating 
carcinogenic  risk  to  the  infant,  maximum^pil  coiil||gations  were  used  instead  of  average 
soil  concentrations  in  calculating  the  motifilip::fe|i!|e;'and  resultant  carcinogenic  risk  to  the 
infant.  Maximum  soil  concentrationiiil!|p  w$f§|used  to  calculate  noncarcinogenic  risk  to  an 
infant,  child,  or  adult,  since  it  is-^pibpiii||ifcriny  individual  may  be  exposed  to  maximum 
soil  concentrations.  More  dSB^d'Hllfennation  on  soil  concentrations  are  presented  in 
Appendix  8A.  ;ij|f  "t|| 


The  air  pathway  was  evaluated  for  all  of  the  pollutants  of  concern  as  identified  in  Section 
7.  The  pollutants  that  were  evaluated  for  the  soil  pathway  were  chosen  based  on  the 
physical  characteristics  of  chemicals  as  well  as  a  comparison  to  background  levels.  This 
screening  process  is  described  in  greater  detail  in  Section  7.  In  screening  pollutants  for  the 
surface  water  pathway,  a  worst  case  (Tier  1)  approach  was  used  to  calculate  surface  water 
pollutant  concentrations.  However,  in  order  to  determine  more  realistic  levels  of  exposure 
through  the  surface  water  pathway,  a  Tier  2  evaluation  was  conducted.  The  details  of  this 
methodology,  including  the  predicted  surface  water  concentrations  of  the  pollutants  of 
concern,  are  presented  in  Appendix  7A. 
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The  routes  of  exposure  evaluated  for  adults  are  discussed  below.  All  tables  containing 
exposure  doses  calculated  for  the  adult,  based  on  the  Resident-A,  Resident-B,  Farmer,  and 
Worker  exposure  scenarios,  are  presented  at  the  end  of  Section  8. 


As  discussed  in  Section  7,  inhalation  exposure  was  estimated  for  all  pollutants  of  concern. 
For  the  inhalation  pathway,  the  total  duration  of  exposure  for  an  adult  was  assumed  to  be 
continuous  over  the  facility  lifetime.  Thus,  inhaflipn  exposure  to  adults  under  the 
Resident-A,  Resident  B,  and  Farmer  scenarios  wsape  assun§i&;,to  occur  for  365  days  per  year 
for  2  years.  Inhalation  exposure  to  workers  WibMd.epcur  for  250  days  per  year,  based  on  a 
5-day  work  week  for  50  weeks  per  year..  It  wS§§assumed  that  indoor  air  exposure  was 
equivalent  to  outdoor  exposure.  This  ass|ipfl^|^:.Iikely  to  lead  to  an  overestimation  of 
exposure  because  indoor  concent^gsj&is  raffling  from  air-dispersed,  outdoor-generated 
pollutants  will  most  likely  be  low||Thjgif||fe::Jihtdoor  concentrations. 


Based  on  these  assumption  the  'iflpwing  equation  was 
daily  intake  through  inhalat!^^..  jfF 


used  to  calculate  the  estimated 


Where: 


Cair  x  BR  x  EF 


BWxF 


Estimated  daily  intake  through  inhalation  (mg  pollutant/kg 
body  weight/day) 


Pollutant  concentration  in  ambient  air  (/ig/m3) 

Breathing  rate  for  an  adult: 

•  20  m3/day  -  Resident-A,  Resident-B,  and  Farmer 

scenarios  (Woodward-Clyde,  1990) 
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10  m3/day  .  Worker  scenario  (Ebasco,  1990) 

EF  =  Exposure  frequency: 

•  365  days/yr  -  Resident-A,  Resident-B,  and  Farmer 
scenarios 

•  250  days/yr  -  Worker  scenario 

BW  =  Body  weight  for  an  adult,  70  kg  (Ebasco,  1990) 

F  =  Conversion  factor:  103  Mg/ mg;  365  days/yr 

Predicted  ambient  air  concentrations  for  the  Resident^  Resident-B,  Farmer,  and  Worker 
scenarios  were  calculated  in  the  modeling  analysigpl||are  presented  in  Table  8-2.  The 
estimated  daily  intakes  through  the  inhalation jpbspre  roll#  are  presented  in  Tables  8-3 
and  8-4  for  the  Resident-A  scenario,  Tables  8l||||p-<5  for  the  Resident-B  scenario,  Tables 
8-7  and  8-8  for  the  Farmer  scenario,  a^|g^bleP|j|i,and  8-10  for  the  Worker  scenario. 
(Tables  are  presented  at  the  end  of  this  s^tiq|plSI' 

8.2.2  Adult  Ingestion  Exposure'*!  •• 

The  ingestion  of  vegetablijmilk,  1j|f,  soil/dust,  and  fish  are  discussed  in  the  following 
subsections.  All  of  these  ingSlti|g|outes  of  exposure  were  evaluated  for  the  Resident-A, 
Resident-B,  and  Farmer  scenarios.  Only  the  soil/dust  ingestion  route  was  evaluated  for  the 
Worker  scenario. 

8.2.2.1  Vegetable  Consumption 

Vegetables  and  fruits  from  home  vegetable  gardens  can  be  potentially  contaminated  by 
airborne  pollutants  emitted  from  the  proposed  SQI.  Three  locally  grown  food  crops  were 
selected  to  identify  potential  exposure  to  pollutants  through  vegetable/fruit  ingestion. 
Carrots  were  selected  to  represent  a  root  vegetable,  lettuce  to  represent  a  leafy  vegetable, 
and  tomatoes  to  represent  a  fruiting  vegetable  or  vine  crop.  Ingestion  rates  were  based  on 
the  average  daily  consumption  of  these  food  groups.  For  example,  the  carrot  ingestion  rate 
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was  based  on  the  consumption  of  all  root  vegetables;  the  lettuce  ingestion  rate  was  based 
on  the  consumption  of  all  leafy  vegetables;  and  the  tomato  ingestion  rate  was  based  on  the 
consumption  of  fruiting  vegetables.  This  simplified  the  exposure  calculation  while  taking 
into  account  all  vegetables  potentially  consumed  from  household  gardens.  The  ingestion 
rates  used  in  this  assessment  were  based  on  EPA  (1990a)  estimates. 


For  the  Resident-A  and  Resident-B  scenarios,  it  was  assumed  that  58  percent  of  all 
vegetables  consumed  were  homegrown  or  obtained  from  a  local  source.  This  percentage 
is  based  on  data  for  rural  households  (ESE  et  al„  1989).  For  the  Farmer  scenario  it  was 
assumed  that  90  percent  of  all  vegetables  consumed  w|re  homegrown  (EPA,  1990b). 

Consistent  with  the  analysis  in  this  report  of  jlr  sSlltated  exposure  pathways,  the 
contaminant  soil  concentrations  were  based  dlfajlition  determined  over  the  2-year  life 
of  the  incinerator.  Soil  concentrations  wgie  calcM|,d  as  described  in  Appendix  8A,  using 
a  mixing  depth  of  20  cm  to  account  for  s^p|||||ion  (EPA,  1986a). 

Pollutants  may  contaminate  Pto^feiVpriiKipal  mechanisms:  absorption  through 
root  uptake  from  contaminalgissjailjrec,  deposition  on  aboveground  parts  of  the  plants 
(leaves,  fruits,  stems).  D^ition'*the  aboveground  section  of  the  plant  (tomatoes  and 
lettuce  only)  will  occur  prima%|gjle  form  of  dry  deposition,  which  will  uniformly  cover 
all  exposed  surfaces.  It  was  conservatively  assumed  that  all  dry  deposition  on  the  plant 
surface  during  the  growing  season  was  retained  and  was  not  washed  off  by  rain  events.  Diy 
deposition  rates  are  presented  in  Appendix  8B,  Tables  8B-8  through  8B-19.  However,  it  was 
also  assumed  that  wet  deposition  was  not  retained  on  the  plant  and  ran  off  the  plant  surface 
to  the  ground,  even  though  i,  is  likely  that  some  we,  deposition  would  be  retained  on  plants 
after  a  rain  event.  Although  this  is  not  a  conservative  assumption,  it  tends  to  offset  the 
previous  assumption  that  all  dry  deposition  is  retained  on  the  plant  surface 


e  following  subsections  discuss  the  methodology  that  was  used  to  calculate  pollutant 
exposure  through  vegetable  ingestion.  The  average  and  maximum  daily  intakes  of  pollutants 
t  rough  total  vegetable  ingestion  are  summarized  in  Tables  8-3  and  8-4  for  the  Resident-A 
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scenario.  Tables  8-5  and  8-6  for  the  Resident-B  scenario,  and  Tables  8-7  and  8-8  for  the 
Farmer  scenario.  Intermediate  calculations  used  to  determine  total  vegetable  intakes,  as 
well  as  intakes  for  the  individual  vegetables  are  presented  in  Appendix  8B. 

RjjjjtVegstames.--  The  carrot,  which  is  an  edible  taproot,  served  as  a  surrogate  for  root 
vegetables  grown  in  home  gardens.  Thus,  the  carrot  ingestion  rate  was  based  on  the 
consumption  of  all  root  vegetables  for  the  Farmer  scenario.  For  the  Resident-A  and 
Resident-B  scenarios,  the  root  vegetable  intakes  were  assumed  not  to  include  potatoes,  since 
it  is  unlikely  that  residents  would  grow  potatoes  in  their  home  gardens. 

Carrots  were  assumed  to  accumulate  pollutants  Jjj||gugh  uPtake  from  the  *°iL  The 
absorption  of  pollutants  deposited  on  the  leav^nd  theB%bsequent  translocation  to  the 
root,  were  assumed  to  be  negligible  (Wipf  et  t|Jggi  It  also  was  assumed  that  the  carrots 
would  be  washed  before  being  eaten,  so  itgit  the  hd^tence  of  soil  to  the  carrots  would  not 

contribute  to  pollutant  intake. 

The  general  formulas  used  to -^|Li||^^sure  through  carrot  ingestion  include  the 
calculation  of  the  pollutant  in  the  carrot: 


C  Carrot  = 

and,  the  calculation  of  the  estimated  intake  due  to  the  consumption  of  carrots: 


Cramt  x  IR  x  HG  x  F 


Where: 


=  Estimated  daily  intake  due  to  consumption  of  carrots  (mg 
pollutant/kg  body  weight/ day),  Appendix  8B 

=  Pollutant  concentration  in  the  carrot  (mg/kg),  Appendix  8B 

=  Pollutant  concentration  in  the  soil  (mg/kg),  Appendix  8B 
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RUF  Root  uptake  factor  (dimensionless),  Appendix  8B 

root  vegetables  ^(EPA^ei990a)fVera^e  adUl1  daily  consumPtion  of 
•  «.3  g/d:; :  Fmme^scmiario Res'dent'B  scenarios 

TTp 

A  J  ~  Fraction  homegrown: 

58%  -  Resident-A  and  Resident-B  scenarios  (ESE  et  al.,  1989) 

90%  -  Farmer  scenario  (EPA,  1990b) 

F  =  Conversion  factor,  10'3  kg/guillP 

BW  _  p 

Body  wetght,  average  ad^i(7S%g)::(Ebasco,  1990) 

The  root  uptake  factor  (RUF)  is  defined  as  thlUo  of  th. 

in  the  <CU)  <0  the  concentration  in'tlli^C^  “  *  **  P°!'Utam 

that  plant  uptake  is  proportional  to  soil  coMSC  TheZ  a"°a 

«*  **  —  ^  described  Jif||yt,0nS-  ^  d“”  *  RU*  -d 

— ■  - 

* — -  «^rrro,",/<'’fc 

calculated  from  dry  weight  martin  ,  §/  y  or  the  Farmer  scenario  were 

y  weiSm  mgestion  rates  for  root  vegetable  (th*  t 

potatoes)  (EPA,  ,990a),  assuming  a  moisture  conte  “  De  T  “ 

percent  for  al,  other  root  vegetables  (Baes  et  a,  Z  U  ^  88 

•he  average  dry  weight  ingestion  rates  for  individuals  over  ITTh”""  ^  °” 

body  weight/day  and  0. 19  g/kg  body  weiaht/da  •  ^  °f  °'02  gAg 

intakes  of  pollutants  through  ZZT  daily 

Appendix  8B.  Average  and  ma  •  gesUon  for  the  ad“lt  are  summarized  in 

average  and  maximum  dailv  intake  nf  , 

ingestion  (i.e„  root,  leafy,  and  fruiting  vegetables)  are  ^  '°tal  Ve8e‘ab'e 

Tables  8-5  and  8-6,  and  Tables  8-7  and  8-8  fo  1  p  SUmmanZed  “  Tables  8'3  n”d 
scenarios,  respectively.  *  Residem-A,  Resident-B,  and  Farmer 
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hv  lettuce  and  tomatoes,  respectively.  ^  r 

zrr:n..»  ..  » —»  *•  *—  -  ,i“ 

vegetables  are  as  follows: 


^Tomato  (Lettuce) 


EDI 


=  Csurface  +  ^uptake 

Cromato  (Lettuce)  X  ^Tomato  (Lege) 


xHGxF 


Ing 


Where: 


EDI 


Ing 


^Tomato  (Lettuce) 


-'surface 


-'Uptake 


= i^’Uu^^cfli&entration  in 

:1  •  UlVtjV  rT\r\  ATirl  iHr.V:  RR 


IRTomato  (Lettuce) 


HG 


=  “c^ 

=  Pollutant  coifciifciPeafy  or  fruiting  vegetab'“  (mgAs)’ 
Appendix  8B 

.  Pollu#li?Ation  in  plant  due  to  surface  deposition 

✓  sL'-&‘Av-v  ftR 

plant  due  to  root  uptake  (mg/kg), 

„  iJSti  rate,  daily  consumption  of  leafy  or  fruiting  vegetables 
(EPA,  1990a): 

,  64  g/day  -  Tomatoes 

11.9  g/day  -  Lettuce 

=  Fraction  homegrown: 

58%  -  Resident-A  and  Resident-B  scenarios  (ESE  et  al. 
1989) 

.  90%  -  Farmer  scenario  (EPA,  1990b) 

=  Conversion  factor,  10  kg/ g 
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-  Body  weight,  average  adult  (70  kg)  (Ebasco,  1990) 


Plant  pollutant  concentrations  due  to  surface  deposition  and  root  uptake  are  presented  and 
described  in  Appendix  8B. 

Calculation  pf  Daily  Makes  --  Total  pollutant  concentrations  in  tomatoes  and  lettuce  were 
determined  by  adding  the  concentrations  due  to  deposition  and  root  uptake  and  are 
summarized  in  Appendix  8B.  The  ingestion  rates  used  for  lettuce  (11.9  g/day)  and  tomatoes 
(64  g/day)  were  wet  weight  ingestion  rates  for  leafy  and  fruiting  vegetables,  respectively. 
These  values  were  calculated  from  dty  weight  ingestionjjttes  for  leafy  vegetables  (0.008  g/kg 
body  weight/day)  and  fruiting  vegetables  (0.06  g/gfc  weight/day)  for  individuals  over 
the  age  of  13  years  (EPA,  1990a),  assuming  a  moisture  coS||t,  of  95  percent  for  lettuce  and 
94  percent  for  tomatoes  (Baes  et  al„  1984)fL^?age  and  maximum  daily  intakes  of 
pollutants  for  all  exposure  scenarios  through  fonltmd  lettuce  ingestion  for  the  adult  are 

summarized  in  Appendix  8B.  The  estimaitf^||itlke  through  total  vegetable  ingestion 
was  calculated  by  the  following  eqp||||n:  ’Ijif' 

EDIv"  =  (EgjjS||  +  EDIU(toce) 

Average  and  maximum  daify^^of  pollutants  through  total  vegetable  ingestion  (he., 

root,  leafy,  and  fruiting  vegetables)  are  summarized  in  Tables  8-3  and  8-4,  Tables  8-5  and 

8-6,  and  Tables  8-7  and  8-8  for  the  Residen.-A,  Resident-B,  and  Farmer  scenarios 
respectively. 


Several  assumptions  that  contributed  to  the  conservatism  of  the  dosage  estimates  were  made 

m  the  computation  of  pollutant  exposure  through  vegetable  ingestion.  These  assumptions 
included: 


occuireth^11011  °f  P°llUtants  on  P'ant  surfaces  ™  photolysis  or  volatilization 


Tomatoes  and  lettuce  were  not  washed  before 


consumption. 
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indirect  human  exposure  to  pollutants  may  occur  when  farm  ammats  near  me  — . 
site  consume  feed  and/or  incidental  soil  during  grazing  or  feeding.  These  pollutants  may 
then  be  incorporated  into  beef  or  dairy  products  that  are  consumed  by  human  receptors. 
The  consumption  of  beef  and  dairy  products  was  evalugp  d  for  the  Resident-A,  Restdent-B. 

and  Farmer  scenarios.  j§®Il||h; 

Two  farm  products  (milk  and  beef)  were  selejf  tjlnvestiSte  the  potential  for  pollutant 
uptake  by  humans.  The  highest  exposure  woulf^gected  for  farmers  who  consume  then 

own  animals  (beef)  or  animal  products  °f  the  ^  PUbl'C  ““ 

if  beef  or  dairy  products  were  obtmj^|ift'ti^‘local  fanner,  but  would  be  expecte 

lower  than  exposure  for  farmers^t't^gffcd  that  a  subsistence  farmer  won  ome 
produce  100  percent  of  all  meM!l^|k  consumed.  For  the  Res,dent-A  and  Reader,  - 
scenarios,  it  was  assumed  that  5  fl|g»  all  meat  and  milk  consumed  was  obtained  torn 

a  local  source. 

Four  major  types  of  feed  are  consumed  by  dairy  and  beef  cattle  raised  in  the  vicinity  of 
RMA:  hay,  corn  silage,  grain,  and  pasture  grass  (Stanton,  1990).  In  addition  ««  e  in  t  is 
area  are  fed  a  protein  supplement.  The  dietary  intakes  of  each  type  of  feed  for  t  es 
animals  are  discussed  in  Appendix  8C.  Although  some  beef  and  datry  cattle  raised  m  • 
area  are  grazed,  lactating  dai^  cows  and  finishing  stock  are  not,  and  thus,  the  ingest, on  of 
pasture  grass  and  incidental  soil  was  not  evaluated  as  part  of  the  cattle  diet.  The  catt  e,  as 
well  as  the  cattle  feed,  were  assumed  to  be  raised  at  the  same  local, on  for  all  scenanos. 
This  location  was  chosen  based  on  the  area  of  highest  deposition  and  air  concentration 

where  cows  were  observed  grazing. 
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The  methods  used  to  calculate  the  pollutant  concentrations  in  cattle  feed  were  the  same  as 
those  used  for  tomatoes  and  lettuce.  They  are  described  in  Appendix  8C.  These  include  the 
direct  deposition  of  airborne  pollutants  on  plant  surfaces  and  root  uptake  of  pollutants  from 
soil. 

The  final  step  is  to  determine  the  human  exposure  due  to  the  consumption  of  dairy  and  beef 
products.  This  was  calculated  as  follows: 

EDImiIIc  and  beef 

Where: 

E^Milk  (beef) 

^-Product 

(beef) 

HG 

’llih.  5ll  •  Resident-A  and  Resident-B  scenarios 
-  Farmer  scenarios 

F  =  Conversion  factor,  10'3  kg/g 

BW  =  Body  weight,  average  adult  (70  kg)  (Ebasco,  1990) 

Factors  used  to  calculate  pollutant  concentrations  in  milk  and  beef  are  summarized  in 
Appendix  8C.  The  average  milk  consumption  rate  for  an  adult  was  estimated  to  be  305 
g/ day  (Fries,  1986),  and  the  average  beef  consumption  rate  was  estimated  to  be  66.8  g/day 
(Fries,  1986).  The  consumption  rates  of  milk  fat  and  beef  fat  are  used  in  calculating  dioxin 
intake  (Appendix  8C).  Since  the  fat  content  of  whole  milk  is  about  4  percent,  the  daily 
consumption  equates  to  about  12  g  of  milk  fat/day  for  an  adult.  Fat  content  varies  greatly 
between  different  cuts  of  beef.  However,  the  most  recent  available  data  show  that  the 
average  percentage  of  beef  fat  ingested  by  adults  is  22  percent  (Fries,  1986).  This  translates 


^Product  X  IR  x  F  X  HG 


BW 


Estimated  daily  intajpr  resultih||from  the  ingestion  of  milk  or 
beef  (mg  pollutantfpg  fejtdy  weight /day) 

Pollutant  concentratibi|iin  the  farm  product:  milk  or  beef 
(mg/kg), 

Ingestionp&te,  af^lage  daily  adult  consumption  of  milk  or  beef 
/_  Pao  et  al.,  1982) 


F||||liorinli|i0egrown: 
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to  an  average  daily  ingestion  of  14.7  g  of  beef  fat/day.  Average  and  maximum  daily  intake 
rates  of  pollutants  through  milk  and  beef  consumption  are  presented  in  Tables  8-3  and  8-4 
for  the  Resident-A  scenario,  Tables  8-5  and  8-6  for  the  Resident-B  scenario,  and  Tables  8-7 
and  8-8  for  the  Farmer  scenario. 

8.2.2.3  Soil /Dust  Ingestion 

The  potential  for  oral  intake  of  pollutants  by  older  children  and  adults  through  soil/dust 
ingestion,  although  not  as  great  as  that  for  young  children  (Subsection  8.3),  was  evaluated. 

Pollutant  intake  via  soil/dust  ingestion  was  calcula|p||ising  the  following  formula: 

^^■^Soil/dust  —  _ _ _ _ 


0W .. 

Where:  "liffir 

EDIsoii/dust  =  Estit^fJ^^Hl^ake  due  to  soil/dust  ingestion  (mg 

pol|jy|tahi||fi  body  weight/day) 

Cgoi,  ^l^ollutaiftponcentration  in  soil  (mg/kg) 

^soii/Dust  =  In|ii^|pft  rate,  annual  average  adult  daily  ingestion  of  soil 


and  dtist: 

•  0.1  g/day  -  Resident-A,  Resident-B,  and  Farmer 
scenarios  (EPA,  1990b) 

•  0.05  g/day  -  Worker  scenario  (Ebasco,  1990) 

EF  =  Exposure  frequency: 

•  365  days/year  -  Resident-A,  Resident-B,  and  Farmer 
scenarios 

•  225  days/year  -  Worker  scenario  (U.S.  Army,  1990b) 

F  =  Conversion  factors:  10'3  kg/g,  yr/365  days 
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BW 


=  Body  weight,  average  adult  (70  kg)  (Ebasco,  1990). 


It  was  assumed  that  adults  could  be  exposed  to  outdoor  soils  during  a  variety  of  outdoor 
activities  such  as  farming,  gardening,  yard  work,  or  maintenance  work.  Although  exposure 
to  a  mixture  of  tilled  and  untilled  soils  might  occur,  the  untilled  soil  (10-cm  mixing  depth) 
was  used  as  a  more  conservative  estimate  of  soil  exposure.  It  was  assumed  that  the 
concentrations  of  pollutants  in  indoor  dusts  were  the  same  as  those  in  the  soil,  since  indoor 
dust  that  is  associated  with  outdoor  soil  typically  comes  from  tracking  in  soil  from  outdoor 
sources.  This  assumption  was  based  on  a  review  of  several  studies  on  lead  that  indicate  a 
lack  of  consistency  between  outdoor  soil  and  indp&r  dust  concentrations,  (i.e.,  lead 
concentrations  were  sometimes  higher  in  house  d^ilffcan  in  outdoor  soil,  while  in  other 
cases  they  were  higher  in  soil  (CDHS,  198ff).  Pr:ei%;ted  average  and  maximum 
concentrations  for  the  pollutants  of  concemfi|i::t^v:'top  10  cm  of  soil  are  listed  for  the 
exposure  scenarios  in  Appendix  8A.  Thesg,:Conceffii|ipns  are  based  on  the  total  deposition 
for  each  scenario  location. 

An  annual  average  soil/dust  inge^n;||lii|fr4f)0  mg/day  was  assumed  for  adults  under  the 
Resident- A,  Resident-B,  an^iljip^iPlifeiiarios  (EPA,  1990b).  This  soil/dust  ingestion  rate 
is  based  on  a  365  day  per:;p|r  expo$|re.  The  worker  was  assumed  to  ingest  50  mg/day  of 
soil/dust  on  those  days  wh<Si|||jy§§i;:in  direct  contact  with  soil  (Ebasco,  1990).  It  was 
assumed  that  a  road  and  grounds  Crew  worker  would  spend  90  percent  of  his  time  outside 
(U.S.  Army,  1990b).  This  amounts  to  225  days/year  based  on  a  5-day  work  week  for  50 
weeks/year. 

Average  and  maximum  daily  intakes  of  pollutants  through  soil/dust  ingestion  are  presented 
in  Tables  8-3  and  8-4  for  the  Resident-A  scenario,  Tables  8-5  and  8-6  for  the  Resident-B 
scenario,  Tables  8-7  and  8-8  for  the  Farmer  scenario,  and  Tables  8-9  and  8-10  for  the 
Worker  scenario.  The  parameters  used  in  the  calculations  for  adult  soil/dust  ingestion  are 
presented  in  Appendix  8D. 
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8.2.2.4  Fish  Consumption 


Those  who  are  most  likely  to  be  exposed  to  pollutants  through  fish  consumption  are  local 
residents  who  use  waters  in  the  vicinity  of  the  proposed  SQI  for  recreational  fishing. 
Engineers  Lake,  a  recreational  fishery  about  8  km  west  of  the  facility,  was  selected  for 
analysis  because  it  was  expected  to  have  maximum  surface  water  concentrations  of 
pollutants.  This  was  based  on  likely  extended  pollutant  retention  times  as  well  as  the  impact 
of  direct  deposition  and  watershed  area.  Fish  consumption  was  evaluated  for  the 
Resident-A,  Resident-B,  and  Farmer  scenarios. 


A  fish  ingestion  rate  was  derived  from  data  taken  fjiipiBhfisherman  survey  and  creel  census 
taken  at  lakes,  reservoirs,  and  rivers  in  the  RWyplirea  (riaibeast  Colorado).  An  average 
fish  consumption  rate  of  4.84  g/day  was  used;;l|& .  atplts  based  on  data  for  harvest  rates  of 
nontrout  warm-water  species  and  the  amount  dPlhjg.  anglers  spend  fishing  (ESE  et  at, 
1989).  "IjJ  '  ‘  ' 

The  daily  intakes  of  pollutants  thj^h:^I|fejiumption  were  estimated  using  the  following 
formulas: 

CRsh  = 

Cfish  x  IR  x  F 

E^Fish  =  _ 

BW 

Where: 

CRsh  =  The  equilibrium  concentration  of  the  pollutant  in  fish  from 

Engineers  Lake  (mg/kg) 

Qvater  =  Surface  water  concentration  in  Engineers  Lake  (mg/L),  see 

Appendix  7A 

BCF  =  Bioconcentration  factor  (L/kg),  Appendix  8E 

EDIFjsh  =  Estimated  daily  intake  due  to  fish  ingestion  (mg/kg/day) 
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IR 


=  Ingestion  rate,  average  daily  fish  consumption  rate  (4.84  g/day) 
(ESE  et  al.,  1989) 

F  =  Conversion  factor  (10‘3  kg/g) 

BW  =  Body  weight,  average  adult  (70  kg)  (Ebasco,  1990) 

Bioconcentration  factors  (BCFs)  for  the  pollutants  of  concern,  as  well  as  all  parameters  used 
to  calculate  daily  pollutant  intakes  from  fish  ingestion,  are  presented  in  Appendix  8E. 

The  estimated  daily  intake  of  organic  contaminants  due  to  fish  ingestion  was  modified  to 
account  for  the  lipid  content  in  the  edible  portion  relative  to  that  of  the  whole  body  of  the 
fish.  It  was  assumed  that  10  percent  of  the  fish  would  be  found  in  the  fillet. 

This  modification  was  made  only  for  organic  cpjppounds  since  they  concentrate  in  areas  of 
high  lipid  content.  "FSlitf' 

The  estimated  daily  intakes  of  pollutantsifey^pl^ifish  consumption  are  summarized  in 
Tables  8-3  and  8-4  for  the  Residfp'-^lsgefi^ip,  Tables  8-5  and  8-6  for  the  Resident-B 
scenario,  and  Tables  8-7  and  8-S||fer^e  "iarmer  scenario.  Because  individuals  for  all 
scenarios  are  assumed  to  Lake,  the  estimated  intakes  are  the  same  for  all 

exposure  scenarios.  Ill 

8.2.3  Adult  Dermal  Exposure 

This  subsection  estimates  the  potential  pollutant  intake  due  to  dermal  absorption  from  soils. 
For  adults,  dermal  exposure  is  assumed  to  occur  during  outdoor  activities  such  as  farming, 
gardening  activities,  yard  work,  and  maintenance  work. 

The  following  equation  was  used  to  calculate  the  dermal  dose: 

Os,*,  x  AF  x  SAF  x  SMF  x  ESA  x  EF  x  F 

EEdoerm  =  _ 

BW 
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Where: 


SMF 

ESA 

EF 

F 

BW 


=  Estimated  daily  intake  due  to  dermal  exposure  to  soil  (mg 
pollutant/kg  body  weight/day) 

=  Pollutant  concentration  in  soil  (mg/kg),  Appendix  8A 

=  Absorption  factor: 

•  10%  -  organics  (Ebasco,  1990) 

•  1%  -  inorganics  (Ebasco,  1990) 


=  Skin  adherence  factor: 


•  0.51  mg/cm2  -  ResidenflPiiauid  Resident-B  scenarios  (Ebasco, 
1990)  jfr 


•  3.5  mg/cm2  -  Far®|r  alp  Worker  scenarios  (Ebasco,  1990) 
=  Soil  matrix  fact$|)|j||5)  (l||sco,  1990) 


=  Exposed  surface  al|:gf!,700  cm2)  (Ebasco,  1990) 

=  Exposusii^eqipiilliiiiiie.,  total  number  of  exposures  per  year: 

•  ’  Resident- A  and  Resident-B  scenarios 

•Jll95  dayiiyear  -  Farmer  and  Worker  scenarios 


=  Convetl||i;p  factor:  10"6  kg/mg,  year/365  days 


Body  weight,  average  adult  (70  kg)  (Ebasco,  1990) 


Dermal  exposure  was  assumed  to  occur  during  the  warmer  two-thirds  of  the  year  (i.e., 
approximately  35  weeks  per  year).  Both  the  farmer  and  maintenance  worker,  who  tend  to 
spend  a  greater  than  average  time  outside,  were  assumed  to  be  dermally  exposed  5  days  per 
week.  Residents  were  assumed  to  spend  less  time  involved  in  outdoor  activities,  and  so 
were  evaluated  based  dermal  exposure  3  times  per  week.  Both  the  farmer  and  worker, 
therefore,  were  assumed  to  be  exposed  for  195  days  per  year,  and  the  residents  for  117  days 
per  year.  Both  the  farmer  and  the  maintenance  worker  were  assumed  to  have  a  50-nm  thick 
coating  of  dirt  on  their  skin.  The  density  of  soil  particles  was  assumed  to  be  1.5  g/cm3.  The 
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soil  adhering  to  an  individual’s  skin,  therefore,  would  be  3.5  mg/cm2.  A  lower  soil  adherence 
factor  (0.51  mg/cm2)  was  assumed  for  the  residents  based  on  a  study  of  children  in  Hartford 
(Ebasco,  1990).  The  adult,  for  all  scenarios,  was  assumed  to  have  a  coating  of  dirt  on  both 
hands  and  forearms,  or  1,700  cm2  of  skin  (Ebasco,  1990). 

Absorption  of  contaminants  from  soil  is  inhibited  by  physical-chemical  bonding  to  the 
matrix,  in  addition  to  the  fact  that  only  a  small  amount  of  the  contaminant  is  in  direct 
contact  with  the  skin.  To  account  for  this  effect,  a  soil  matrix  factor  of  0.15  was  used 
(Ebasco,  1990).  Due  to  a  lack  of  chemical-specific  data,  this  matrix  factor  was  used  for  all 
soil  contaminants. 

Dermal  absorption  factors  of  10  percent  for  org$pc  politf$|||s  and  1  percent  for  inorganic 
pollutants  were  used.  These  values  were  sel^fed^jp5  represent  the  differential  absorption 
of  organic  and  inorganic  pollutants  (Ebasfijg>?  1990)||h;! 

Predicted  average  concentrations  folfijje  pdjfilants  of  concern  in  the  uppermost  10  cm  of 
soil  are  listed  for  the  exposure  s<^^i!Epffl||ppendix  8A.  These  concentrations  are  based 
on  the  total  deposition  for  ea?|l||pf^i|a;  location.  The  parameters  that  were  used  in  the 
calculations  for  adult  deriap[  exposi§|e  are  given  in  Appendix  8F. 

The  estimated  pollutant  intakes  resulting  from  dermal  exposure  due  to  soil  contact  are 
summarized  in  Tables  8-3  and  8-4  for  the  Resident-A  scenario,  Tables  8-5  and  8-6  for  the 
Resident-B  scenario,  Tables  8-7  and  8-8  for  the  Farmer  scenario,  and  Tables  8-9  and  8-10 
for  the  Worker  scenario. 

Table  8-11  summarizes  the  exposure  assumptions  used  for  the  adult  in  estimating  total  daily 
intakes.  Exposure  assumptions  used  for  the  child  and  the  infant  are  also  included  in  this 
table  and  are  discussed  in  more  detail  in  the  following  subsection. 
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8  3  ROUTES  OF  EXPOSURE  CONSIDERED  FOR  CHILDREN  AND  INFANTS 


Children  and  infants  were  evaluated  in  the  Resident-A,  Resident-B,  and  Farmer  exposure 
scenarios.  Children  were  assumed  to  be  exposed  to  pollutants  through  the  pathways  of 
exposure  applicable  to  adults  (Subsection  8.2).  Infants  were  assumed  to  be  exposed  to 
pollutants  only  by  the  ingestion  of  mother’s  milk  and  the  inhalation  pathway. 


Childhood  exposure  in  this  assessment  was  assumed  to  occur  in  children  1  to  6  years  old. 
The  average  weight  of  a  child  between  1  and  6  years  old  was  estimated  to  be  15.5  kg 
(Ebasco,  1990).  The  average  weight  of  an  infant  age  (k§>  1  was  estimated  to  be  9  kg  (EPA, 
1989b).  Other  infant  and  childhood  factors  specifii||lBi|mdividual  routes  of  exposure  are 
presented  in  the  subsections  that  follow.  All  gpbsure  dills  calculated  for  children  and 
infants,  based  on  the  Resident-A,  Resident-B|indiftrnier  scenarios,  are  presented  at  the 
end  of  Subsection  8.3.  All  of  the  exposure^assuifiplons  are  presented  in  Table  8-11. 

8.3.1  Children  and  Infant  Inhalatidhi^xpolgrip 

Childhood  and  infant  inhalatiiSiiiBaqp^ifae.  was  calculated  using  the  methodology  described 
for  adult  inhalation  (Subs^^pn  8.2l||v  It  was  assumed  that  childhood  inhalation  exposure 
was  continuous  for  the  2-year'l||$|pr  of  the  facility,  and  infant  exposure  was  continuous  for 
1  year.  The  average  inhalation  rate  for  children,  1  to  6  years  old,  was  estimated  to  be  10 
m3/day  (NRC,  1977),  and  the  average  inhalation  rate  for  infants,  0  to  1  year,  was  estimated 
to  be  3.8  m3/day  (NCRP,  1984).  Predicted  ambient  air  concentrations  for  the  three 
exposure  scenarios  (Resident-A,  Resident-B,  and  Farmer)  are  presented  in  Table  8-2.  The 
estimated  childhood  intakes  due  to  inhalation  are  presented  in  Tables  8-12  and  8-13  for  the 
Resident-A  scenario,  Tables  8-14  and  8-15  for  the  Resident-B  scenario,  and  Tables  8-16  and 
8-17  for  the  Farmer  scenario.  The  estimated  infant  intakes  due  to  inhalation  are  presented 
in  Table  8-18  for  the  Resident-A  scenario,  Table  8-19  for  the  Resident-B  scenario,  and 
Table  8-20  for  the  Farmer  scenario. 
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8.3.2  Children  Ingestion  Exposure 

8.3.2.1  Vegetable.  Milk.  Beef.  Soil/Dust,  and  Fish  Consumption 

Childhood  ingestion  exposure  was  calculated  using  the  same  methodology  described  for  the 
adult  (Subsection  8.2.2).  Food  and  soil/dust  ingestion  rates  specific  to  children  1  to  6  years 
old  are  presented  in  Table  8-11.  It  should  be  noted  that  soil/dust  ingestion  rates  for  young 
children  are  higher  than  those  for  older  children  and  adults.  Soil/dust  ingestion  in  young 
children  can  occur  indirectly  by  placing  dirt-covered  hands  or  objects  in  the  mouth,  or  in 
some  cases,  by  directly  eating  soil.  The  soil  concentrations  used  in  the  exposure  calculations 
are  presented  in  Appendix  8A.  :;||= 

Total  average  and  maximum  daily  intakes  for  children  forV^li;. ingestion  routes  of  exposure 
are  summarized  at  the  end  of  Section  8  in  Tabli|;8-|f%nd  8-13  for  the  Resident-A  scenario, 
Tables  8-14  and  8-15  for  the  Resident-B  scenario!  :^d:,Tables  8-16  and  8-17  for  the  Farmer 
scenario.  The  parameters  used  in  the  calci^fidi^i^jiiehild  vegetable  consumption,  milk  and 
beef  consumption,  soil/dust  consun^i||k  anifish  consumption  are  presented  in  Appendices 
8B,  8C,  8D,  and  8E,  respectively^^ 

8.3.3  Children  Dermal  Aphrptiorill| 

This  subsection  estimates  the  potential  childhood  pollutant  intake  due  to  the  dermal 
absorption  of  pollutants  from  soils.  The  methodology  used  to  calculate  the  dermal  intake 
of  pollutants  in  children  was  the  same  as  that  described  for  adults  in  Subsection  8.2.3.  Only 
the  specific  input  parameters  used  to  calculate  doses  for  children  are  discussed  in  the 
following  paragraphs. 

As  with  the  adult,  it  was  assumed  that  dermal  exposure  would  occur  during  the  warmer  two- 
thirds  of  the  year,  or  approximately  35  weeks  per  year.  Also,  it  was  assumed  that  children, 
on  the  average,  would  spend  5  days  per  week  outside,  resulting  in  a  total  of  195  dermal 
exposure  events  per  year.  A  soil  adherence  factor  of  0.51  mg/cm2  was  used  based  on  a 
study  of  children  in  Hartford  (Ebasco,  1990).  The  area  of  exposed  skin  averaged  for  1 


532C/S8 


8-25 


1/24/91 


through  6  year-olds  was  estimated  to  be  2,188  cm2  based  on  exposed  surface  area  of  arms, 
hands,  and  legs  for  50  percent  of  the  time,  and  arms  and  hands  for  the  other  50  percent 
(EPA,  1989b).  This  represents  an  average  exposed  surface  area  for  the  exposure  period. 


The  concentrations  of  pollutants  in  the  uppermost  10  cm  of  soil  were  previously  calculated 
(Appendix  8A).  The  estimated  dosages  of  pollutants  to  children  through  dermal  exposure 
are  summarized  at  the  end  of  Section  8  in  Tables  8-12  and  8-13  for  the  Resident-A  scenario, 
Tables  8-14  and  8-15  for  the  Resident-B  scenario,  and  Tables  8-16  and  8-17  for  the  Farmer 
scenario.  The  parameters  used  in  the  calculations  for  child  dermal  exposure  axe  presented 
in  Appendix  8F.  m. 


8.3.4  Infant  Consumption  of  Mother’s  Milk 


The  intake  of  pollutants  by  infants  througfa,.breasljlStek  consumption  was  addressed  for  the 
organic  pollutants  of  concern.  There  ^e:":^^pcient  data  available  in  the  surveyed 
literature  to  quantify  the  potential  ;g^|fer  o||jiorganic  pollutants  into  human  breast  milk. 

The  estimated  daily  intakeS;;|g||q|rp||q;;  pollutants  through  breast  milk  ingestion  were 
determined  using  the  following  eqiSion: 


Where: 


CBmillc  X«IR 


BMIR 


=  Estimated  daily  intake  resulting  from  the  ingestion  of  breast  milk 
(mg/kg/day) 

=  Concentration  of  the  pollutant  in  breast  milk  (mg/kg).  Appendix 
8G 

=  Breast  milk  ingestion  rate  (0.8  kg/day)  (Smith,  1987) 


=  Body  weight,  infant  0  to  1  year  (9  kg)  (EPA,  1989b) 
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Factors  used  in  the  calculation  of  pollutant  concentrations  in  breast  milk  are  more  fully 
discussed  in  Appendix  8G.  An  infant  was  assumed  to  ingest  0.8  kg/day  of  breast  milk 
(Smith,  1987),  and  to  breast  feed  for  1  year.  A  body  weight  of  9  kg,  the  average  body 
weight  of  children  less  than  1  year  of  age,  was  used  (EPA,  1989b). 

The  maximum  estimated  daily  intakes  of  pollutants  for  infants  through  breast  milk  ingestion 
exposure  are  summarized  in  Table  8-18  for  the  Resident-A  scenario,  Table  8-19  for  the 
Resident-B  scenario,  and  Table  8-20  for  the  Farmer  scenario.  Average  daily  intakes  were 
not  calculated  for  the  infant;  maximum  daily  intakes  were  used  in  calculation  of  both 
carcinogenic  risk  and  noncarcinogenic  health  effects  £0-  the  infant. 
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Table  8-2 


Pol lutant 


Predicted  Aobient  Air  Concentrations 


) 


Predicted  Average  Annual  Concentration  (/ig/m3) 


Resident -A  Resident-B  Farmer  Worker 


1 


ORGANICS 


Acetone 

1.76E-13 

2.76E-14 

6.19E-14 

5.19E-14 

Acetonitri le 

1.07E-11 

1.68E-12 

3.76E-12 

3.15E-12 

Aery lorn  tri le 

1.07E-12 

1.68E-13 

3.76E-13 

3.15E-13 

Aldrin 

1.14E-13 

1.78E-14 

3.98E-14 

3.34E-14 

Atrazine 

2.52E-14 

3.95E-15 

8.85E-15 

7.41E-15 

Benzaldehyde 

2.33E-09 

3.64E-10 

8.16E-10 

6.83E-10 

Benzene 

2.29E-09 

3.59E-10 

8.05E-10 

6.74E-10 

Benzofuran 

4.46E-09 

6.99E-10 

1.57E-09 

1.31E-09 

Benzoic  Acid 

1.13E-09 

1.76E-10 

3.95E-10 

3.31E-10 

Benzonitri le 

1.07E-12 

1.68E-13 

3.76E-13 

3.15E-13 

Biphenyl 

1.12E-09 

1.75E-10 

3.92E-10 

3.28E-10 

Bromomethane 

2.23E- 10 

3.50E-1 1 

7.84E-11 

6.57E-11 

Carbazole 

2.14E-13 

3.36E-14 

7.52E-14 

6.30E-14 

Carbon  Tetrachloride 

7. 1 1E-13 

1 . 1 1E-13 

2.50E-13 

2.09E-13 

Chlorobenzene 

5.52E-10 

8.64E-1 1 

1.94E-10 

1.62E-10 

4-Chlorobi phenyl 

1.30E-09 

2.03E- 10 

4.54E-10 

3.81E-10 

4,4-Chlorobiphenyl 

1.70E-11 

2.66E- 12 

5.95E-12 

4.98E-12 

Chloroform 

1.13E-13 

1.76E-14 

3.95E-14 

3.31E-14 

4-Chlorophenylmethylsulfone 

4.14E-13 

6.48E-14 

1.45E-13 

1.22E-13 

4- Ch l oropheny Imethy l sul f oxi de 

1.54E-12 

2.41E-13 

5.41E-13 

4.53E-13 

p,p-DDE 

1.89E-10 

2.96E-11 

6.62E-1 1 

5.55E-11 

p, p-DDT 

3.78E-14 

5.92E- 15 

1.33E-14 

1 . 1 1E-14 

Di benzofuran 

2.23E-10 

3.49E-1 1 

7.82E-1 1 

6.55E-11 

Di chlorobenzenes  (total) 

4.02E-13 

6.29E-14 

1 -41 E- 13 

1.18E-13 

1 ,4-Di chlorobenzene 

2.54E- 14 

3.98E- 15 

8.91E-15 

7.46E-15 

1 # 1 -Dichloroethene 

6.25E-13 

9.78E-14 

2.19E-13 

1.84E-13 

1 ,2-Dichloroethene 

4.35E-13 

6.80E- 14 

1.52E-13 

1.28E-13 

1 ,2-Dichloropropane 

5.06E-14 

7.93E-15 

1.78E-14 

1.49E-14 

Dieldrin 

2.33E- 14 

3.65E-15 

8.18E-15 

6.85E-15 

Di isopropyl  Methylphosphonate 

4.09E-12 

6.41E-13 

1.44E-12 

1.20E-12 

1 ,3-Dimethylbenzene 

4.46E-10 

6.99E- 1 1 

1.57E-10 

1.31E-10 

Dimethyldisulf ide 

1.14E-11 

1.78E-12 

3.98E-12 

3.34E-12 

Dimethyl  Methylphosphonate 

9.76E-11 

1.53E-11 

3.42E-1 1 

2.87E-1 1 

Dimethyl phosphate 

2.68E-1 1 

4.19E-12 

9.39E-12 

7.87E-12 

Dioxins/Furans  (EPA  TEFs) 

6.84E-11 

1.07E-11 

2.40E-11 

2.01E-1 1 

Dithiane 

4.09E-15 

6.41E-16 

1.44E-15 

1.20E-15 

Endrin 

2.27E- 14 

3.55E-15 

7.95E-15 

6.66E-15 

Ethylbenzene 

6.70E-10 

1.05E-10 

2.35E-10 

1.97E-10 

Hexach  Lorobenzene 

7.62E-12 

1.19E-12 

2.67E-12 

2.24E-12 

Hexach l orocyc l opentadi ene 

2, 1 1E-13 

3.31E-14 

7.41E-14 

6.20E-14 

Isodr in 

5.97E-14 

9.35E-15 

2-1 0E- 14 

1.76E-14 

Ma lath  ion 

9.12E-14 

1.43E-14 

3.20E-14 

2.68E-14 

Methanol 

2.59E-09 

4.06E- 10 

9.09E-10 

7.61E-10 

Methyl  Chloride 

2.23E-09 

3.50E-10 

7.84E-10 

6.57E-10 

Methylene  Chloride 

2.23E-10 

3.50E-1 1 

7.84E-1 1 

6.57E-1 1 

4-Nitrophenol 

9.44E-13 

1.48E-13 

3 -31 E- 13 

2.77E-13 

PAHs 

Acenaphthalene 

1.12E-09 

1.75E-10 

3.92E-10 

3.28E-10 

Acenaphthene 

1.12E-09 

1.75E-10 

3.92E-10 

3.28E-10 

Benzo(a)pyrene 

2.23E-10 

3.49E-1 1 

7.82E-1 1 

6.55E-11 

Chrysene 

2.23E-10 

3.49E-11 

7.82E-11 

6.55E-11 

D ibenzo( a, h) anthracene 

2.23E-10 

3.49E-1 1 

7.82E-11 

6.55E-1 1 

Fluoranthene 

6.70E-10 

1.05E-10 

2.35E-10 

1.97E-10 

Fluorene 

2.23E-10 

3.49E-1 1 

7.82E-1 1 

6.55E-11 

Phenanthrene 

4.46E-10 

6.99E-1 1 

1.57E-10 

1.31E-10 

Pyrene 

2.23E-10 

3.49E-1 1 

7.82E-1 1 

6.55E-1 1 

Parathion 

1.26E-14 

1.97E-15 

4.42E- 15 

3.70E-15 

Pentach lorobenzene 

3.41E-12 

5.33E-13 

1 -20E-12 

1 -00E-12 

Phenol 

1.21E-08 

1.89E-09 

4.24E-09 

3.55E-09 

Pyridine 

1.07E-13 

1.68E-14 

3.76E-14 

3.15E-14 

Quinol ine 

5.34E-13 

8.35E-14 

1.87E-13 

1.57E-13 

Styrene 

2.24E-09 

3.51E-10 

7.86E-10 

6.58E-10 
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Table  8-2 
(continued) 


Supona 

3.78E-14 

5.92E-15 

1.33E-14 

1 .1  IE-14 

Tet rach l orobenzene 

1.44E-12 

2.25E-13 

5.04E-13 

4.22E-13 

Tetrachloroethene 

8.89E- 12 

1.39E-12 

3.12E-12 

2.61E-12 

Toluene 

1.12E-09 

1.75E-10 

3.92E-10 

3.28E-10 

Tri chlorobenzene 

7.57E-13 

1.19E-13 

2.66E-13 

2.22E-13 

Trichloroethene 

1.37E-12 

2.14E-13 

4.80E-13 

4.02E-13 

Urea 

1.64E-08 

2.56E-09 

5.74E-09 

4.81E-09 

Vapona 

1 . 01 E- 13 

1.58E-14 

3.54E-14 

2.96E- 14 

Vinyl  Chloride 

2.23E-09 

3.50E-10 

7.84E-10 

6.57E-10 

Xylene 

4.46E-10 

6.99E-11 

1.57E-10 

1.31E-10 

INORGANICS 

A  l  uni  num 

2.96E-04 

4.63E-05 

1.04E-04 

8.70E-05 

Ammonia 

5.34E-05 

8.35E-06 

1.87E-05 

1.57E-05 

Antimony 

1.04E-05 

1.63E-06 

3.65E-06 

3.06E-06 

Arsenic 

5.88E-05 

9.21E-06 

2.06E-05 

1.73E-05 

Barium 

1.44E-05 

2.26E-06 

5.06E-06 

4.23E-06 

Beryl liun 

6.02E-07 

9.42E-08 

2.1  IE-07 

1.77E-0 7 

Boron 

4.39E-04 

6.88E-05 

1.54E-04 

1.29E-04 

Cadmium 

1.71E-06 

2.68E-07 

6.02E-07 

5.04E-07 

Calcium 

2.52E-03 

3.95E-04 

8.85E-04 

7.41E-04 

Chromium  (III) 

3.91E-06 

6.12E-07 

1.37E-06 

1.15E-06 

Chromium  (VI) 

1.38E-07 

2.16E-08 

4.83E-08 

4.05E-08 

Cobalt 

1.30E-05 

2.03E-06 

4.54E-06 

3.81E-06 

Copper 

5.52E-02 

8.64E-03 

1.94E-02 

1.62E-02 

Cyanogen 

1.07E-13 

1.68E-14 

3.76E-14 

3. 15E-14 

Hydrogen  Cyanide 

1.06E-09 

1.66E-10 

3.71E-10 

3. 1 1E- 10 

Iron 

7.84E-04 

1.23E-04 

2.75E-04 

2.30E-04 

Lead 

1.85E-05 

2.89E-06 

6.48E-06 

5.43E-06 

Lithium 

1.81E-06 

2.83E-07 

6.34E-07 

5.31E-07 

Magnesium 

2.34E-03 

3.67E-04 

8.22E-04 

6.89E-04 

Manganese 

1.01E-04 

1.59E-05 

3.55E-05 

2.97E-05 

Mercury 

1.63E-05 

2.55E-06 

5.71E-06 

4.78E-06 

Molybdenum 

1.81E-04 

2.83E-05 

6.35E-05 

5.32E-05 

Nickel 

4.70E-04 

7.35E-05 

1.65E-04 

1.38E-04 

Phosphate 

5.47E-02 

8.57E-03 

1.92E-02 

1.61E-02 

Potassium 

1.87E-02 

2.92E-03 

6.54E-03 

5.48E-03 

Selenium 

1.51E-01 

2.36E-02 

5.30E-02 

4.44E-02 

Si l icon 

2.60E-03 

4.07E-04 

9.12E-04 

7.64E-04 

Si Iver 

1.56E-03 

2.45E-04 

5.49E-04 

4.60E-04 

Sodiun 

1.92E+00 

3.01E-01 

6.74E-01 

5.64E-01 

Strontium 

6.02E-07 

9.42E-08 

2. 1 1E-07 

1.77E-07 

Thallium 

1.52E-04 

2.38E-05 

5.33E-05 

4.46E-05 

Tin 

1.33E-04 

2.08E-05 

4.66E-05 

3.90E-05 

Titanium 

1.00E-06 

1.57E-07 

3.52E-07 

2.95E-07 

Vanadium 

3.84E-05 

6.01E-06 

1.35E-05 

1.13E-05 

Yittriun 

3. 5 IE- 07 

5.50E-08 

1.23E-07 

1.03E-07 

Zinc 

2.67E-04 

4.18E-05 

9.38E-05 

7.85E-05 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 

7.75E-02 

1.21E-02 

2.72E-02 

2.28E-02 

Hydrogen  Chloride 

7.75E-02 

1.21E-02 

2.72E-02 

2.28E-02 

Hydrogen  Fluorides 

2.74E-Q3 

4.28E-04 

9.60E-04 

8.04E-04 

Nitric  Acid 

6.38E-02 

1.00E-02 

2.24E-02 

1.88E-02 

Nitrogen  Dioxide 

5.29E-01 

8.28E-02 

1.86E-01 

1.55E-01 

Particulate  Matter 

2.28E-01 

3.57E-02 

8.00E-02 

6.70E-02 

Sulfur  Dioxide 

4.01E-01 

6.28E-02 

1.41E-01 

1 . 18E-01 

Sulfuric  Acid  Mist 

1.69E-01 

2.64E-02 

5.92E-02 

4.96E-02 
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Average  Total  Pollutant  Daily  Intake  for  the  Adult,  Resident-B  Scenari 
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Table  8-9 


Average  Total  Pollutant  Daily  Intake  for  the  Adult,  Worker  Scenario 


Daily  Intake  (mg/kg/day) 


Pol lutant 

Inhalation 

Soi l/Dust 
Ingestion 

Dermal 

Absorption 

Total 

ORGANICS 

Acetone 

5.07E-18 

NA 

NA 

5.07E-18 

Acetoni tri le 

3.08E-16 

6.57E-19 

5.08E-19 

3.09E-16 

Acrylonitri Le 

3.08E-17 

NA 

NA 

3.08E-17 

ALdrin 

3.26E- 18 

6.96E-21 

5.39E-21 

3.28E-18 

Atrazine 

7.25E-19 

1 .61 E- 23 

1.24E-23 

7.25E-19 

Benzaldehyde 

6.69E- 14 

1.43E-16 

1.10E-16 

6.71E-14 

Benzene 

6.60E-14 

NA 

NA 

6.60E-14 

Benzofuran 

1.28E-13 

2.74E-16 

2.12E-16 

1.29E-13 

Benzoic  Acid 

3.24E-14 

6.91E-17 

5.34E-17 

3.25E-14 

Benzoni tri le 

3.08E-17 

6.57E-20 

5.08E-20 

3.09E-17 

Biphenyl 

3.21E-14 

NA 

NA 

3.21E-14 

Bromomethane 

6.42E-15 

NA 

NA 

6.42E-15 

Carbazole 

6.16E-18 

1.31E-20 

1.02E-20 

6.19E-18 

Carbon  Tetrachloride 

2.05E-17 

NA 

NA 

2.05E-17 

Chlorobenzene 

1.59E-14 

NA 

NA 

1.59E-14 

4-Chlorobiphenyl 

3.72E-14 

7.94E- 17 

6.14E-17 

3.74E-14 

4, 4-Chlorobi phenyl 

4.88E-16 

1.04E-18 

8.05E-19 

4.90E-16 

Chloroform 

3.24E-18 

NA 

NA 

3.24E-18 

4-Chlorophenylmethylsulfone 

1 . 19E-17 

5.28E-22 

4.09E-22 

1 . 19E-17 

4-Chlorophenylmethyl sulfoxide 

4.43E-17 

1.97E-21 

1.52E-21 

4.43E-17 

pf p-DDE 

5.43E-15 

2.16E-18 

1.67E-18 

5.43E-15 

p, p-DDT 

1.09E-18 

4.32E-22 

3.35E-22 

1.09E-18 

Di benzofuran 

6.41E-15 

1.37E-17 

1.06E-17 

6.44E-15 

Di chlorobenzenes  (total) 

1 . 16E-17 

NA 

NA 

1 . 16E-17 

1 ,4-Di chlorobenzene 

7.30E-19 

NA 

NA 

7.30E-19 

1 , 1 -Diehl oroethene 

1.80E-17 

NA 

NA 

1.80E-17 

1 ,2-Dichloroethene 

1.25E-17 

NA 

NA 

1.25E-17 

1 ,2-Dichloropropane 

1.46E-18 

NA 

NA 

1.46E-18 

Dieldrin 

6.70E-19 

1.43E-21 

1.11E-21 

6.73E-19 

Di isopropyl  Methylphosphonate 

1.18E-16 

1.05E-20 

8.09E-21 

1.18E-16 

1 ,3 -Dimethyl benzene 

1.28E-14 

2.74E-17 

2.12E-17 

1.29E-14 

Dimethyldisulf ide 

3.26E-16 

NA 

NA 

3 .26E- 16 

Dimethyl  Methylphosphonate 

2.81E-15 

4-1 2E - 21 

3.19E-21 

2.81E-15 

Dimethylphosphate 

7.70E- 16 

1.64E-18 

1.27E-18 

7.73E- 16 

Dioxins/Furans  (EPA  TEFs) 

1.97E-15 

1.03E-18 

7.96E-19 

1.97E-15 

Dithiane 

1.18E-19 

2.51E-22 

1.94E-22 

1.18E-19 

Endrin 

6.52E-19 

2.87E-22 

2.22E-22 

6.52E-19 

Ethylbenzene 

1.93E-14 

NA 

NA 

1.93E-14 

Hexach l orobenzene 

2.19E-16 

5.83E-20 

4.51E-20 

2.19E-16 

Hexach  Lorocyclopentadiene 

6.07E-18 

1.29E-20 

1.00E-20 

6.09E-18 

Isodrin 

1.72E-18 

3.66E-21 

2.83E-21 

1.72E-18 

Ma lath  ion 

2.62E-18 

5.59E-21 

4.33E-21 

2.63E-18 

Methanol 

7.45E-14 

1.59E-16 

1.23E-16 

7.48E-14 

Methyl  Chloride 

6.42E-14 

NA 

NA 

6.42E- 14 

Methylene  Chloride 

6.42E-15 

NA 

NA 

6.42E-15 

4-Ni trophenol 

2.71E-1 7 

5.79E-20 

4.48E-20 

2.72E-1 7 

PAHs 

Acenaphthalene 

3.21E-14 

6.85E-17 

5.30E-17 

3.22E-14 

Acenaphthene 

3.21E- 14 

6.85E-17 

5.30E-17 

3.22E-14 

Benzo(a)pyrene 

6.41E-15 

2  -  41 E- 19 

1.86E-19 

6.41E-15 

Chrysene 

6.41E-15 

3.02E-19 

2.34E-19 

6.41E-15 

Dibenzo( a, h) anthracene 

6.41E- 15 

3.28E-19 

2.53E- 19 

6.41E-15 

Fluoranthene 

1.93E-14 

8.84E-19 

6.83E-19 

1.93E-14 

F luorene 

6.41E- 15 

1.37E-17 

1.06E-17 

6.44E-15 

Phenanthrene 

1.28E-14 

4.18E-19 

3.23E-19 

1.28E-14 

Pyrene 

6 -41 E- 1 5 

2.03E-19 

1.57E-19 

6.41E-15 

Parathion 

3.62E-19 

7.72E-22 

5.97E-22 

3.63E-19 

Pentach l orobenzene 

9.79E- 17 

2.09E-19 

1.62E-19 

9.83E-17 

Phenol 

3.47E-13 

7.41E-16 

5.73E-16 

3.49E-13 

Pyridine 

3.08E-18 

NA 

NA 

3.08E-18 

Quinoline 

1.53E-17 

3.27E-20 

2.53E-20 

1.54E-17 
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Table  8-9 
(continued) 


Styrene 

6.44E* 14 

NA 

NA 

6.44E-14 

Supona 

1.09E-18 

2.32E-21 

1.79E-21 

1.09E-18 

Tet rach l orobenzene 

4.13E-17 

8.81E-20 

6.81E-20 

4.15E-17 

Tet rach l oroethene 

2.56E-16 

NA 

NA 

2.56E- 16 

Toluene 

3.21E-14 

NA 

NA 

3.21E-14 

Tri chlorobenzene 

2.18E-17 

4.64E-20 

3.59E-20 

2.18E-17 

Trichloroethene 

3.93E-17 

NA 

NA 

3.93E-17 

Urea 

4.71E-13 

1.00E-15 

7.76E-16 

4.72E-13 

Vapona 

2.90E-18 

6.18E-21 

4.78E-21 

2.91 E- 18 

Vinyl  Chloride 

6.42E-14 

NA 

NA 

6.42E-14 

Xylene 

1.28E-14 

NA 

NA 

1.28E-14 

INORGANICS 

Aluminum 

8.51E-09 

NA 

NA 

8. 51 E- 09 

Ammonia 

1.53E-09 

NA 

NA 

1.53E-09 

Antimony 

2.99E-10 

6.37E-13 

4.93E-14 

3.00E-10 

Arsenic 

1.69E-09 

3.61E- 12 

2.79E-13 

1.70E-09 

Bari  tin 

4.14E-10 

8.84E-13 

6.83E-14 

4.15E-10 

Beryllium 

1.73E-11 

3.69E-14 

2.85E-15 

1.73E-11 

Boron 

1.26E-08 

NA 

NA 

1.26E-08 

Cadmium 

4.93E-1 1 

NA 

NA 

4.93E-1 1 

Calcium 

7.25E-08 

NA 

NA 

7.25E-08 

Chromium  (III) 

1.12E-10 

NA 

NA 

1.12E-10 

Chromium  (VI) 

3.96E-12 

NA 

NA 

3.96E-12 

Cobalt 

3.72E-10 

NA 

NA 

3.72E-10 

Copper 

1.59E-06 

3 . 38E - 09 

2.62E-10 

1.59E-06 

Cyanogen 

3.08E- 18 

NA 

NA 

3.08E-18 

Hydrogen  Cyanide 

3.04E-14 

NA 

NA 

3.04E-14 

Iron 

2.26E-08 

NA 

NA 

2.26E-08 

Lead 

5.31E-10 

1.13E-12 

8.76E-14 

5.32E-10 

Lithium 

5.19E-11 

NA 

NA 

5.1 9E -11 

Magnesium 

6.74E-08 

NA 

NA 

6.74E-08 

Manganese 

2.91E-09 

NA 

NA 

2.91E-09 

Mercury 

4.68E-10 

9.98E-13 

7.72E-14 

4.69E-10 

Molybdenum 

5.21E-09 

NA 

NA 

5.21E-09 

Nickel 

1.35E-08 

NA 

NA 

1.35E-08 

Phosphate 

1.57E-06 

NA 

NA 

1.57E-06 

Potassium 

5.36E-Q7 

NA 

NA 

5.36E-07 

Seleniun 

4.34E-06 

9.25E-09 

7.16E-10 

4.35E-06 

Silicon 

7.47E-08 

NA 

NA 

7.47E-08 

Silver 

4.50E-08 

9.59E-11 

7.42E-12 

4. 5  IE-08 

Sodium 

5.52E-05 

NA 

NA 

5.52E-05 

Strontium 

1.73E-11 

NA 

NA 

1.73E-11 

Thallium 

4.37E-09 

9.31E-12 

7.20E-13 

4.38E-09 

Tin 

3.82E-09 

NA 

NA 

3.82E-09 

Titanium 

2.88E- 11 

NA 

NA 

2.88E-1 1 

Vanadium 

1.10E-09 

NA 

NA 

1.10E-09 

Yittrium 

1 .01 E- 1 1 

NA 

NA 

1.01E-11 

Zinc 

7.68E-09 

NA 

NA 

7.68E-09 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 

2.23E-06 

NA 

NA 

2.23E-06 

Hydrogen  Chloride 

2.23E-06 

NA 

NA 

2.23E-06 

Hydrogen  Fluorides 

7.87E-08 

NA 

NA 

7.87E-08 

Nitric  Acid 

1.84E-06 

NA 

NA 

1.84E-06 

Nitrogen  Dioxide 

1 .52E-05 

NA 

NA 

1.52E-05 

Particulate  Matter 

6.56E-06 

NA 

NA 

6.56E-06 

Sulfur  Dioxide 

1.15E-05 

NA 

NA 

1.15E-05 

Sulfuric  Acid  Mist 

4.85E-06 

NA 

NA 

4.85E-06 

NA  =  Not  applicable 
NE  =  Not  evaluted 
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Table  8-10 

Total  Pollutant  Daily  Intake  for  the  Adult,  Worker  Scenario 


tU  tj  ,\  In 

*'••  'Li  „.j  r 


Daily  Intake  (mg/kg/day) 


Pol lutant 

Inhalation 

Soi l/Dust 
Ingestion 

Dermal 

Absorption 

Total 

ORGANICS 

Acetone 

5.07E-18 

NA 

NA 

5.07E-18 

Acetonitri le 

3.08E-16 

6.67E-19 

5.1 6E - 19 

3.09E-16 

Acrylonitri le 

3.08E-17 

NA 

NA 

3.08E-17 

Aldrin 

3.26E-18 

7.06E-21 

5.46E-21 

3.28E-18 

Atrazine 

7.25E-19 

5.27E-22 

4.08E-22 

7.26E-19 

Benzaldehyde 

6.69E-14 

1.45E-16 

1 . 12E-16 

6.71E-14 

Benzene 

6.60E- 14 

NA 

NA 

6.60E-14 

Benzofuran 

1.28E-13 

2.78E-16 

2.15E-16 

1.29E-13 

Benzoic  Acid 

3.24E-14 

7.01E-17 

5.42E-17 

3.25E-14 

Benzonitri le 

3.08E-17 

6.67E-20 

5.16E-20 

3.09E-17 

Biphenyl 

3.21E-14 

NA 

NA 

3.21E-14 

Bromomethane 

6.42E-15 

NA 

NA 

6.42E-15 

Carbazole 

6.16E-18 

1.33E-20 

1.03E-20 

6.19E-18 

Carbon  Tetrachloride 

2.05E-17 

NA 

NA 

2.05E-17 

Chlorobenzene 

1.59E-14 

NA 

NA 

1.59E-14 

4-Chlorobiphenyl 

3.72E-14 

8.06E- 17 

6.23E-17 

3.74E-14 

4, 4-Chlorobi phenyl 

4.88E-16 

1.06E-18 

8.16E-19 

4.90E-16 

Chloroform 

3.24E-18 

NA 

NA 

3.24E-18 

4-Chtorophenylmethylsulfone 

1 . 1 9E  *  1 7 

1.39E-20 

1.07E-20 

1.19E-17 

4-Chlorophenylmethyl sulfoxide 

4.43E-17 

5. 16E-20 

3.99E-20 

4.44E-17 

p#  p-DDE 

5.43E-15 

1.08E-17 

8.39E-18 

5.45E-15 

p, p-DDT 

1.09E-18 

2. 17E-21 

1.68E-21 

1.09E-18 

Di benzofuran 

6.41E-15 

1.39E-17 

1.07E-17 

6.44E-15 

Di chlorobenzenes  (total) 

1.16E-17 

NA 

NA 

1.16E-17 

1 #4-Di chlorobenzene 

7.30E-19 

NA 

NA 

7.30E-19 

1,1-Dichloroethene 

1.80E-17 

NA 

NA 

1.80E-17 

1 ,2-Dichloroethene 

1.25E-17 

NA 

NA 

1.25E-17 

1 ,2-Dichloropropane 

1.46E-18 

NA 

NA 

1.46E-18 

Dieldrin 

6.70E-19 

1.45E-21 

1.12E-21 

6.73E-19 

Di isopropyl  Methyl phosphonate 

1.18E-16 

1.83E-19 

1 .42E-19 

1.18E-16 

1 ,3-Dimethylbenzene 

1.28E-14 

2.78E-17 

2.15E-17 

1.29E-14 

Dimethyldisulf ide 

3.26E- 16 

NA 

NA 

3.26E-16 

Dimethyl  Methylphosphonate 

2.81E-15 

1.44E-19 

1 . 12E-19 

2.81E-15 

D i me t hy l ph osph a t e 

7.70E-16 

1.67E-18 

1.29E-18 

7.73E-16 

Dioxins/Furans  (EPA  TEFs) 

1.97E-15 

4.00E- 18 

3. 10E-18 

1.97E-15 

Dithiane 

1.18E-19 

2.55E-22 

1.97E-22 

1.18E-19 

Endrin 

6.52E-19 

1.31E-21 

1.01E-21 

6.54E-19 

Ethylbenzene 

1.93E-14 

NA 

NA 

1.93E-14 

Hexach l orobenzene 

2.19E-16 

4.21E-19 

3.26E-19 

2.20E-16 

Hexach l orocyc l opentadi ene 

6.07E-18 

1.31E-20 

1.Q2E-20 

6.09E-18 

Isodr in 

1.72E-18 

3.72E-21 

2.87E-21 

1.72E-18 

Ma lath  ion 

2.62E-18 

5.67E-21 

4.39E-21 

2.63E-18 

Methanol 

7.45E- 14 

1.61E-16 

1.25E-16 

7.48E-14 

Methyl  Chloride 

6.42E-14 

NA 

NA 

6.42E-14 

Methylene  Chloride 

6.42E-15 

NA 

NA 

6.42E-15 

4-Ni trophenol 

2.71E-17 

5.87E-20 

4.54E-20 

2.72E-17 

PAHs 

Acenaphthalene 

3 - 21 E - 14 

6.95E- 17 

5.38E-17 

3.22E-14 

Acenaphthene 

3.21E-14 

6.95E-17 

5.38E-17 

3.22E-14 

Benzo( a) pyrene 

6.41E-15 

6.79E-18 

5.25E-18 

6.42E-15 

Chrysene 

6.41E-15 

7.7 IE-18 

5.96E-18 

6.43E-15 

D i benzo( a , h )anthracene 

6.41E- 15 

8.03E-18 

6.21E-18 

6.43E-15 

Fluoranthene 

1.93E-14 

2.28E-17 

1.77E-17 

1.93E-14 

Fluorene 

6.41E- 15 

1.39E-17 

1.07E-17 

6.44E- 15 

Phenanthrene 

1.28E-14 

1.24E-17 

9.61E- 18 

1.29E-14 

Pyrene 

6.41E-15 

6.08E- 18 

4.70E-18 

6.42E-15 

Pa rath  ion 

3.62E-19 

7.83E-22 

6.06E-22 

3.63E-19 

Pentach l orobenzene 

9.79E-17 

2-1 2E -19 

1.64E-19 

9.83E-17 

Phenol 

3.47E-13 

7.52E- 16 

5.81E-16 

3.49E- 13 

Pyridine 

3.08E-18 

NA 

NA 

3.08E-18 

Quinol ine 

1.53E-17 

3.32E-20 

2.57E-20 

1.54E-17 

Styrene 

6.44E-14 

NA 

NA 

6.44E- 14 
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Table  8-10 
(continued) 


Supona 

1.09E-18 

2.35E-21 

1.82E-21 

1.09E-18 

Tetrach lorobenzene 

4.13E-17 

8.94E-20 

6.91E-20 

4. 15E-17 

Tetrach loroethene 

2.56E- 16 

NA 

NA 

2.56E-16 

Toluene 

3.21E-14 

NA 

NA 

3.21E-14 

Tri chlorobenzene 

2. 18E-17 

4.71E-20 

3.64E-20 

2.18E-17 

Trich loroethene 

3.93E-17 

NA 

NA 

3.93E-17 

Urea 

4 . 71 E -13 

1.02E-15 

7.88E-16 

4.73E-13 

Vapona 

2.90E-18 

6.27E-21 

4.85E-21 

2.91E-18 

Vinyl  Chloride 

6.42E-14 

NA 

NA 

6.42E-14 

Xylene 

1.28E-14 

NA 

NA 

1.28E-14 

INORGANICS 

Aluminum 

8.51E-09 

NA 

NA 

8. 5  IE-09 

Ammonia 

1.53E-09 

NA 

NA 

1.53E-09 

Antimony 

2.99E-10 

6.47E- 13 

5.00E-14 

3.00E-10 

Arsenic 

1.69E-09 

3.66E-12 

2.83E-13 

1.70E-09 

Barium 

4.14E-10 

8.96E-13 

6.93E-14 

4.15E-10 

Beryllium 

1.73E-11 

3.74E- 14 

2.90E- 15 

1.73E-11 

Boron 

1.26E-08 

NA 

NA 

1.26E-08 

Cadmium 

4.93E-11 

NA 

NA 

4.93E-11 

Calcium 

7.25E-08 

NA 

NA 

7.25E-08 

Chromium  (III) 

1.12E-10 

NA 

NA 

1.12E-10 

Chromium  (VI) 

3.96E-12 

NA 

NA 

3.96E-12 

Cobalt 

3.72E-10 

NA 

NA 

3.72E-10 

Copper 

1.59E-06 

3.43E-09 

2.65E-10 

1.59E-06 

Cyanogen 

3.08E-18 

NA 

NA 

3.08E-18 

Hydrogen  Cyanide 

3.04E- 14 

NA 

NA 

3.04E-14 

Iron 

2.26E-08 

NA 

NA 

2.26E-08 

Lead 

5.31E-10 

1.15E-12 

8.89E-14 

5.32E-10 

Lithium 

5.19E-11 

NA 

NA 

5.19E-11 

Magnesium 

6.74E-08 

NA 

NA 

6.74E-08 

Manganese 

2.91E-09 

NA 

NA 

2. 91 E- 09 

Mercury 

4.68E-10 

1.01E-12 

7.83E-14 

4.69E-10 

Molybdenum 

5.21E-09 

NA 

NA 

5.21E-09 

Nickel 

1.35E-08 

NA 

NA 

1.35E-08 

Phosphate 

1.57E-06 

NA 

NA 

1.57E-06 

Potassium 

5.36E-07 

NA 

NA 

5.36E-07 

Selenium 

4.34E-06 

9.39E-09 

7.26E-10 

4.35E-06 

Si  l icon 

7.47E-08 

NA 

NA 

7.47E-08 

Si Iver 

4.50E-08 

9.73E- 1 1 

7.53E-12 

4.51E-08 

Sodium 

5.52E-05 

NA 

NA 

5.52E-05 

Strontium 

1.73E-11 

NA 

NA 

1.73E-11 

Thallium 

4.37E-09 

9.45E-12 

7.31E- 13 

4.38E-09 

Tin 

3.82E-09 

NA 

NA 

3.82E-09 

T itanium 

2.88E- 1 1 

NA 

NA 

2.88E-11 

Vanadium 

1.10E-09 

NA 

NA 

1.10E-09 

Yi ttrium 

1.01E-11 

NA 

NA 

1.01E-11 

Zinc 

7.68E-09 

NA 

NA 

7.68E-09 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 

2.23E-06 

NA 

NA 

2.23E-06 

Hydrogen  Chloride 

2.23E-06 

NA 

NA 

2.23E-06 

Hydrogen  Fluorides 

7.87E-08 

NA 

NA 

7.87E-08 

Nitric  Acid 

1.84E-06 

NA 

NA 

1.84E-06 

Nitrogen  Dioxide 

1.52E-05 

NA 

NA 

1.52E-05 

Particulate  Matter 

6.56E-06 

NA 

NA 

6.56E-06 

Sulfur  Dioxide 

1.15E-05 

NA 

NA 

1.15E-05 

Sulfuric  Acid  Mist 

4.85E-06 

NA 

NA 

4.85E-06 

NA  =  Not  applicable 
NE  =  Not  evaluted 
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Rcsidcnt-A 
and  -B 
and 

Farmer 

Scenarios 

-Infant 

i 

• 

! 

• 

« 

■ 

« 

Resident-A 

and 

Resident-B 

Scenarios 

-Child 

0.15 

(U.S.  Army  PMO, 
1990a) 

0.01  (metals) 

0.10  (organics) 

(U.S.  Army  PMO, 
1990a) 

195  days/yr* 

3.88  g/day* 

33.6  g/day 

1.24  g/day 
(EPA,  1990a) 

58% 

(U.S.  Army  PMO, 
1989) 

Resident-A 

and 

Resident-B 

Scenarios 

-Adult 

0.15 

(U.S.  Army 

PMO,  1990a) 

0.01  (metals) 

0.10  (organics) 
(U.S.  Army 

PMO,  1990a) 

& 

■u 

r- 

rH 

11.7  g/day11 

64  g/day 

11.9  g/day 
(EPA,  1990a) 

58% 

(U.S.  Army 

PMO,  1989) 

Farmer 

Scenario 

-Child 

0.15 

(U.S.  Army  PMO, 
1990a) 

0.01  (metals) 

0.10  (organics) 

(U.S.  Army  PMO, 
1990a) 

195  days/yre 

31.1  g/day* 

33.6  g/day 

1.24  g/day 
(EPA,  1990a) 

90% 

(EPA,  1990b) 

Farmer 

Scenario 

-Adult 

0.15 

(U.S.  Army  PMO, 
1990a) 

0.01  (metals) 

0.10  (organics) 

(U.S.  Army  PMO, 
1990a) 

195  days/yr* 

65.3  g/day* 

64  g/day 

11.9  g/day 
(EPA,  1990a) 

90% 

(EPA,  1990b) 

Worker 

Scenario 

0.15 

(U.S.  Army  PMO, 
1990a) 

0.01  (metals) 

0.10  (organics) 

(U.S.  Army  PMO, 
1990a) 

195  days/yr* 

l  t  t 
i  i  i 
i  1  i 

i 

i 

i 

Pathways  and 
Parameters 

SQIL  PATHWAY 

•  Soil  matrix 
factor 

•  Dermal 
absorption 

•  Exposure 
frequency  for 
dermal  contact 

•  Vegetable 
Ingestion  rate 
-Root 
-Fruiting 
-Leafy 

•  Percent  Vege¬ 
tables  home¬ 
grown 
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Average  Total  Pollutant  Daily  Intake  for  Child,  Resident-B  Scenario 


^SMS^SMSsasissKSgsAKaijsijijsjfeiKsssiifjijsssKgsiasa 

fs-fNjONOinforofO^r^^-rsjvr^-infnco^-rvj^ofvjsfOinfnfo^^^^^orSo^infcSoSoS 

*-co*-cMCMrocMin*-*-«-cMrMS-inT-T-^N*^c\jx4fMx*cM4)x4inf\jx*iX,-r^<MKcQrM4>s!'4ho^cij 


O  <=>  JO  4)  'ONO  p  'O  oo  cm  *—  co  cm  S» 

r-  CM  CM  «-*  «“  *“  CM  CM  *—  (\i  (\J  i-  (\J  r- 

■  ill  ill  i  ii  «  •  l  i  I 

<LU<UJUJLU<UJUJLU<<UJ<C<|JULU<UJUJUJUJUJ‘ 

zC£2:^£i2:i:i029<>:a::*2:*a:inOz'<W<NJu"‘f'‘-: 

^  OKI  O  O'  O'  xj-  O'  *— in  >0  CO  «“  Cd  O 


^  os  *-  CO  00  CM  CM  OOi-t-sO 

CM  CM  «—  CM  w—  CM  CM  CM  CM  CM  CM  «” 

i  i  i  i  i  i  i  i  i  i  •  <  i 

<LULUUJ<UJIJJUJUJUJ<LUUJIUUJIU 
Z'O»-inziASO'MinznSO«C0O' 
O  in  O' 


:iASO'fOin  Z  fO  N  0>  CO  O' 
0'M>t'0f-  >4-  00  CM  O  CM 


O'  T-  CM  CM 


«“  *-  S  (MM  >0  »- 


ITICMt-  M't 


oo  «—  in  oo  cm 


O  O'  N* 
CM  *-  «- 


r:  JM  2  ^  ^  °  2  'O  O'  -r-oinos-  00'S* 

CM  CM  O  « —  «—  t-  CM  CM  > —  « —  CM  CM  « —  ' —  t—  nj  *—  x— 

I  I  +  I  III  1  II  lllll  III 

CUJ<UJUJUJ<UJIUUJ<<UJ<<LUUJ<UJUJUJUJIU<<<<<UJLULU 
coacjr-oir-acoros-sczogacac'Orozr'Omsj-OLnxacSSSr-Nlsj- 
O'  S  o  c\j  in  in  4)  co  cm  in  '04404  o  cm  oo 

*“  40  in  "4  x*  CM  CM  «-tn  <0  CM  1-  M  4  CM  in 


O'  S-  T- 

C-  CM  CM 

i  ill 

<  LU  UJ  UJ  Ul  Ul 

Z  4-  Z  43  4)  -4 

O'  O  JO  CO 


CO  O  O'  O  N. 
t-<M»-Or- 
*  *  I  +  I 
<  LU  UJ  UJ  UJ  UJ 

20  in  s»  r—  o  in 

{MA'OOt- 

0't-40(\I 


ins  o  o  S-  o  so 

«—  «-  CM  C\J  r-  OJ  t- 


<LU<UILUUJ<UJUJIU<<UJ<<LUUJ<LUUJUJUJLU<<<<<UILUUJ 

ZCNJZin0':-Z4MCMZZin2ZS'02rinC0OfVJZZZZzS«4 

CM  1—  43  CONr-  CM  in  m  S  fO  O'  4  4  O  K)  CO 

CM  CM  in  4  CO  CM  CM  sf  CM  fO  ^  'O  i-  4  sTJOCO 


004)  O'  S«-  S-  r~  **“  CO  O  O'  O  LO 

CM  «—  *—  T-  T—  <r~  CM  CM  t-  r-  r-  r-  r- 


<LULUUIUIUJ<UJUJUJUJ 
ZMOCMr-S20'00C0i-| 
n  fO  Kl  1-  N  CO  r—  »—  co 

I-  inn  00  O*  *-  >*  **^  «-m 


<UI<UJLUUJ<UJUJUI<<IU 
ZCOZS4rOZS'OOZZKl 
S-  O'  O  O  4)  CM  O  CM 


r:  XT,  ^ 00  £1  £T! r''-  2  00  <m  co  >4  s-  >4  cm  O'Oocmo' 

^  V^V  *~»-“CM  CM  VV  CM  CM  -  CM  -  f\J  (M  r-  CM  w—  CM  CM  »—  CM  CM  CM  *— 

^^^mHJ^<!^my<<UJ<<WUJ<mLlJUJU-luJ<<<<<UIUJLLJ<UILUUJLUUJ<UJUJUJUlUI 
2Jn2:^2lfX3:Csr^?zziO:z:z^lsr20^0(NJr0:z‘ic:z:zz^)tr'T":ii:a3:ztn'04Z'0(\;cO'00' 
oo  co  o  in  ^  in  s  O'  o»  m  r-  s  s  4  co  o>  43  s»  «-  m^~4j  O'OOincM 

CM  4  K1  ro  CM  CM  » —  <r~  43CM  t-  -J-  r-  r-  xt  on  m  m  —  xrt  ru  .+  r.1  .+  >n'  .2 


<LULUUIUJLU<<<<<LUUIUI 
ZinKif  44ZZZ2ZC0p"O 
S-  4  CM  M  4)  4  S  <" 


' —  S  t—  OO  s 


in  co  in  m  o  *-  «-  k>  o 

CM  »—  CM  CM  CM  CM  CM  CM  CM 

•  lit  iiiii 

*LUUIUJUJIU<LUUILUUJUI 
:ui2C04C0200'«-04) 
CO  0|  M  0|  oo  *“  xj-  K)  CM 

4)  CM  in  CM  C\)  JO  M  O'  S 


in  S-  r-  xj' 

5-  «-  CM  T- 

I  III 

<  Ul  <  Ul  LU  Ul 

Z  CM  Z  O  S  00 

«-  4  00  O' 


i-  4  *-  r-  4 


^  ^  “j  ^  O'  CO  S  O  in  rx  oj  in  «  co  N  O'  »-  OOS-S 

iu  lu  LLJ  m  l'J  l‘J  <  l‘J  'l-1  UJ  <  <  <  <  <  UJ  UJ  UJ  <  UJ  LLJ  UJ  LU  LU  •<  ill  UJ  LL 

S§*KtCe**Sae*!0°aeSj;s:g2Ca!**:ie=E!0£a5e^.cS2:ftS?*!C!2- 


4  CM  4  in  4 


43  CO  S-  O  00  N-  S»  O'  CM 


:K>r*r-Sxj  z  . 

CO  4)  O'  43  ro 


^<L<lUJUJlU«LlJLUUJtULU<UJIULU 
Z2ZMOO  Z'OOOO'O'COZfOKlr- 
O''-00  I-40WN  O'  CO  in 


'-40CON 
CM  «—  K)  m 


O'  co  in  co  o 

T-  CM  43  CM 


Sm4)SCOmKlfOfn4)fn4SS4inLnSS4)4C04SOOSScOC04)4ininininO'C04'OSCOCOM 

^  <r“  *“  ■*“  '  *“  ’ —  ' —  »“  «“  r-  r-  r-  t—  t-  r*  r-  *—  r-  r-  it-  < —  r-  t-  t-  r-  r*  t-  r*  »—  r-  r-  <-*  r-  r- 

1  '  1  •  *  1  •  I  •  I  <  •  •  I  •  I  ■  I  I  I  I  I  I  «  I  I  I  I  i  I  I  I  I  I  I  I  I  I  I  I  •  I  ■ 

UJUJUJLUUIUILULUUIIUUIUIUIUIUJUJUJUIUIUIUIUIUIUIUJUIUJUIUILUUJUILUUIUIUIUJLUUIUIUIUIU! 

?12SLAtr'10^,-^2r^4iS0'S'-'-4c0'0'-fMin'0'0»-0''-in4'~Ln'nor-vj-oNC)'fnKi»-N 

Noo*-mMf0in«-OT-(\ji-»-inf0Ni-T-in(>c0(Moinf0MT-fn»-inr-wN0>T-(MS.4)»“ON'0 


'-rr-r-t\INtM4'-r-T-(M(\Sin*-r-i-4 


rON4ftJ4)4inCVJ44r-0'nJ4)4(M'OS<M4)0'CVJ 


C  C 

CO  CO  O 

*->  CJ  *-> 

3  h-.  <u 

—  z  o 

—  <  <  ■ 

O  CD 

a.  az 

o 


CJ  <U  u 
c  -O  a»  3  o  • 

- - -  C 

M  CO  flj  O  O 

CD  14  N  N  N 

t-  c  c  c  c 

-m  aj  o  a>  cj 

<  CO  CD  CD  CQ  l 


>X 

!  £  •§.  ’ 

i  "S.S 

i  •-  o  e  . 

:  jQ  <-  l 

i  o  o  o 


O  O  Q  o  N 
— — '  O  O  C 

JC  _C  t  *  0>  . 

U  O  CL  Q.  UJ 

44  a  CLQ  I 


.  I-  U  —  >x 

1  O  O  >.  JZ 

:r£  c  o  o 

:  “  “  u  ki 

I  Q  O  TJ  O  Q 

i  •  — »  W)  i 

■  cm  cm  ai  —  rn 


S  £ 

O  Ul 
-8.  - 
S  2 

<U  -C  CJ  LU 

"o  a  v  ^ 

- - -  CD 

H-  >x  r  co 

-  £  O.C 
3  u*  «  aj 

<0  01  O  L. 
•  -  X  JC  3 
Tl  ULU- 


I  I  I  o' 


8-62 


Table  8-14 
(continued) 


UJ  UJ  Ul 
O  'O  *- 
CM  CM  <«“ 


Mf0'^^-'<t'^,4,'t'4,C0'0NSSh0C0'0'0h0S-'0ON-M'4- 

•  I  I  t  I  I  t  I  I  I  I  I  I  t  I  I  I  I  t  I  «  •  <  <  • 

LiiUlUiUJUJUJUIUJLUUJliJUJUiliiUJlUlUUJUJUnUUJUJUJUJ 
»-KiSrocn(>ONrNOroScoin'OinO'COKH/ico«-S'0»- 

rOWfMK)«N^in<\JrOO'J-OK>«\J(MO'(>>r-r-fOt\JvtCMin 
*-«--CMCMrO'OrM<CMT-'N*CM*—N-CM'*4-»—  C0«~  C0«—  CM«—  CM< 


m  m  iu  m  iii  m  111  'ii  m  in  iii  tn  m  Lit  til  Li j  hi  m  in 
OONsJOr-vtst^^O«-NCONf\Jr-fNjS 

6>K)Or->J'{\lsfNLnO'K1K1000C>OOOM 


UJ  UJ  UJ  UJ  LLI  UJ  UJ  UJ  LU  LU  LU  UJ  <  LU  <  UJ 
<M>cO'OtOcoN>^ro'-fvjN-2f02in 
00C0>J-K>S-CMOOO*-OO  S-  IO 


<UJ<UJUJ<<UJ<UJUJ<< 

S-  m  cm  f-  ^  o 


UJUJUJUJUJ<UJUJUJUJ<UJ 

str-tnr-rgzir>Ovjco  z  in 

t-COCOCMxO  O  O  'O  <  N- 
•  ■•••  • 
f\J  00  CM  N  r-  iniMT-r-  -4- 


<<UJUIUJUJ<<<<<<UJ<<<UJ<< 

zz*-*-comzzzzzzozzzxjraz 

CM  CM  CM  fO  00  'O 


'J  fO  K 

t —  t~  O 


<  Ul  <  Ul  < 

z  'O  z  o  z 

r^-  oo 


<  <  UJ  <  Ul  I 

Z  Z  O  Z  O  < 

ro  ( 


UJ  <  <  UJ  UJ  UJ 
Z  Z  Z  N-  Z  hO 

m  K 


UJUIUI<<UIUIUJ<<UJUJUJUJ 

KZrOZZrOCM^ZZZinZZ 

in  cm  o  o  «- 


ini^coeoNN'OScooeO't  oo  o  oo  oo  <  O 

r-  t—  «—  *—  r—  i —  r*  r-  r—  CM  » —  »“  r-  CM  «”  «“  «-t- 

i  i  l  i  i  l  i  l  l  i  I  l  I  «  >  i  *  ‘ 

UJUIUIUIUJUJUJUJUJUJUJUJ<UJ<UJUI<<UJ<UJUJ<< 

^^SinvOinfMininotno-zsgzoinzzoz^ozz 

NNSSoeO'tioinsf  Sm  o  •<  co  in  c\j  o 

(MCMf^C>^fM<'r->OfM'OCM  *—  N*  CM  «“  m  CM 


<  <  Ul  UJ  UJ  UJ 

Z  *  o  ^  «  2 


UJUJUJ<<<<<<UI<<<I 

F-  inozzzzzzozzz' 


UJUJUJU1UJUJUJUJUJUI<UJ<UJUI<<UJ<UIUI<< 

WCOON'J'O'O'ONNZ'O  ZOO’vfZZinZ'M’CMZZ 

fooMsJOiciN’-'-o  ro  N-ro  cm  n-  < 


vtrOCOCOONsTNO'O'O 
<)  r-  n  O  K1  vt  Oin  N  r- 

roiOvj-r-Lnoo*«— CMro 


till  t  I 

UJUJUIUJ<<<<<<UJ<<<UJ<< 
N-'«J’COO'ZZZZZZ  N>  Z  Z  Z  OO  Z  Z 


Ul  UJ  Ul  Ul  UJ  UJ  UJ  UJ  UJ  Ul  UJ  UJ  <■  UJ<UIUI<<UJ<UJUJ<< 

otnh-^-N.in'j-Ovt'O^-rMZOzN-ozz^-zorozz 

rao^eoi-oS'jNCMO'Mco  <  co  m  ro  < 

CMt—  CQCMt—  »—  'OCMin*~CM»“  r-  CM  <  t-  IO  «- 


sj  in  N*  S>  N-  'O  in  N  N  o  S  CM 

▼-*—  «—  T—<r—  T-*—  «—  T—  CM<—  *— 


I  I  «  I  I  I  I  I  I  I  I  t  I  <  •  I  •  • 

UIUJUJULJUJUIUIUJUJUJUJUI<UJ<UJUI<<UJ<UJUJ<< 

oooO'M-vj-or-cMcoorozinacoozzcMzoozz 

in'OM’O'OfOcO'Oroot-cvJ  oo  in  o  cm  »-  cm 

^Sr-fM^t-^<orooinr-  t-  ro  in  ro  cm  sr 


KlfOM-'J-M-M-MvJ-'rcO'OfMNNMCO'O'OION'OCMMn^ 


r-  t-  CM  CM  M  ! 


I  UJ  UJ  UJ  Ul  Ui  UJ  UJ  Ul  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  Ul 
ini-inSM-cMooO'OCMincoroinooincM'Or- 
fMincMfMsj'fMorofMtO'fOr-orO'OOCsJin 


VroNvf 
CM  CM  ro  CM 


<<UIUIUIUI<<<<<<UI<<<UJ<< 

sczinininozzzzzzroz=ca:cMzz 


UJUIUIUJ<<<<<<UJ<<<UJ<< 

N-OfMCOZZZZZZinZZZinZZ 


OOOOOO'-COON-O^-O'ON-rOCOOON- 

ooooo«-o*-o*-t-oo*-«-oo«-o 

UILULUUIILIUJUIUJUJUIUIUIUIUILLJUIUJUJUJ 

^(Mnvj'OcOvrMinino»-KcoNCMNCMS 

6'fooosroNfK-iACMoroinooooocoio 


^-»“CMCMCM'OCM>tCM»-rO^—  »-inCMrO*”CO' 


in  «—  vO  <  cm  ro  ' 


•«—  in^—  T-N-r-r-CM 


u  x:  o 
o  o  c 
— '  0) 

XT  Q>  -C 
CJ  C  Q. 

<u  o 


41  <U  ■  < 
X  X  M  Q. 


4»  QJ  C  C  c  QJ 

C  C  CO  flj  QJ  C  4) 

QJ  Q>  4>  ^  O  dJ  N  N  fl)  CO) 

—  C  U  JC  c  c  c  C  _C  <D  C  QJ 

(D  QJ  >s  *  QJ  QJ  QJ  a>4-*N4>  T3 

£  £  Q.  CD  _c  i—  «Q  -Q  0)  C  JZ  •- 

4J4_»^4>W4JQ)J^  O  OO  QJ  *->  t- 

xr-crococcu  U  u.  t_  _Q  QJ  o 

Q.  Q_  s--  QJNCOQJCQJCO  4)  OO  oo  — * 

COCOOWCUUlOCO  — »  4)  C  — '  — '  U  U  JZ 

CC  N>.QJOOC4>*—  -C  C  •—  OJ  ££  4)  O  O  CJ 

QJ4J  C* - QU  DO)  L£D-J'r*-<C10  OU  C  — *  — '  <0  QJ 

OO  (U  x  ^  £  >»**  CD  0*0  O  QJ  C  (DO  QJ  jC  XI  C—*C 

<<muou.u.aaipvC'-CLOLLOuu(t)o>D 
U  c  QJ  U  —  >*  Q.  +-*  u>  — '  01  Q.  c  — * 

(0  (U  £  >*  D  *-*  3  QJ  41  O  U  U  U  *U  »•— 

44440WWI-hl-l-l-3>>X 


E  >• 

3  co  c  o 

c  g 

§  rz  r 

--ECU 

<  <  <  <  I 


ill'll 

i  co  to  jc  j: 

l  U  CJ  (J  CJ 


c  c 

41  QJ 

4-»  u  o>  o> 

-»  QJ  O  O 

3  Q.  C  U  c  TJ  . 

_Q  a  <0  TJ  O  co 

O  O  >»  >s  U  QJ  • 

U  U  U  X  M  J 


8-63 


LTBL  1/15/01 


cgCKCOCO'0'OLnS-N-yd*«-cOCOOO»-cO 

0000000000«-00r-0«--0 


s 


UJ  LLI  tU  Ul  UJ  <H  in  til  hi  m  nt  n . hi  in  tjj 

ONCONuiWin'OKO'OlfUOOeOlfiN 

’-T-’-SfLnr-r-rVJ'r-r-'Or-t-t-fOKlINJ 


M  Oj  «—  CM 

<UJ<<<<LU<IU<<UI<<<<< 

^  ro  m  K1 


*0  N  O  i/un  in  in 
o  o  o  o  o  o  o 


LU  LU  LU  UJ  UJ  LU  UJ  LU 
MrO'Oinstomo 
OOCONsJKmOS. 

NSr'j'OinM'^i- 


<<<<<<<< 


o 

o 


g 


<UJ<<<LU<UJ<UJ 
:Z2222in202Z 
O  CO 


o 

o 


<  UJ  LU  LU  LU 

z  z  z  n  z 
CO 


# 


:UJ<<<<LU<LU<<UI<<<<< 

:Nzzzzazozz«-zzzzz 

CM  O'  T“  o 

m  rsj  ro  fo 


<LU<<<<UJ<UI<<UJ<<<<< 
ZN2ZZZfOZr-22rt,2ZZ2Z 
o  O  SO  O' 

in  K> 


:<<<<<<< 
:  z  z  z  z  z  z  z 


<<<<<<<< 


<<<<<<<< 


CO 


CM 


<<<LU<LU<<UJ<<<<< 

Z22r;Z<-Z20NZZZZZ 

'O  rn  O' 

N-  'O  in 


*-  CO  O'  f\J 

*-  O  O  r- 

I  III 

:UJ<<<<U!<UI<<UI<<<<' 
:SZZZZ^Zr*ZZK1ZZZZ; 
"O  in  ro  o> 


OOOCOCO'O'OinS.N.'jr-cOOOOO'r-oO 
OOOOOOOOOO*—  00r-0«“0 

I  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

UJ  LU  UJ  LU  LUUJLULUUJUILUUILULUUJLULU 
^Sr^s^fO?2fNJpr>c0'J'00^,<T“a?ino 
O'OoONincOin^inC^OinKiOcoi 


<<<<<<<< 


(uo'OmO'Oinmo 


*”»“»“'J'in«-»-<NJi-r-'OT"«“r-fOMCM 


<<<<<<<< 


O'ON-'Oinininin 

oooooooo 

. Ill 

LU  LU  LU  UJ  LU  LU  Ul  Ul 
fOM'Oin'joino 
coajN^KmoN 

N-N-C\l'Ou"lCM«<r*“ 


co 
01  >■ 


ci  £ 

s.2  S 


c  u  -n  — <  r;  ws  § 
ajD-poa-cncu 

o)  u  >.-V  co  aj  &  ■—  , 

c  I - -  o  o*-*— *  —  w-n 

to  0)  O'-  r  O  Cl  o 


u.fi 

2.2  S  — 
—  01 


§  §  s 

c  *5  H 

(DODO 

C  *-*  C  c 

OJ  •-  •— 


CO 

oi  o 
X)  TJ 


2  2  *§  £ 


< 

*— 

ZJ 

—I 

_J 

o 

CL  CO 
Ul 
<  CO 

5  ' 


*5  5  S 


Q.aWWW(OWHI~t->>-N 


c  c  < 
o>  a> 
0)0)0 
O  O  — 

.  C_  L. 

I  TJ  *-■ 

>  x*  x  z  : 


—  0] 

§X 

o 

o  +-• 

aj 

c  — « 

01  3 
a>  o 
o  *- 


ci 

TJ  TJ 


X  U 

O  < 


o  o 

L  L 
3  3 


3  3 

00  CO 


■8U 

&§ 

<0  01 


II  II 
<  UJ 


8-64 


KpSaSBEBBL 
m 


,,,*,,,,,>*iiiiti«*iiiii( 

LULULUUJLUUILUUIUIUrUILUUJUIUIUIUJUJUJLUUJUIUIUIUI 

^50^if^^^;vJ'^,“fVIK‘*-cooo'oro'>oc0rooco-^0'^T- 

^fvJsOunjroouLnS»vr^»— mo-<rruK)oo«-rorooj>ttNjLn 

«■—  w-'(MCM'4‘N.CM<srfM*r-''4'CM«—  f'-CM«4-CMC0<»—  00»”  CM*—  CM»4> 


o 

CM 


'O'OCOKNSS.N.OOT-Oin 


o 

cm 


*-  o 

CM  *“ 


o 

CM 


UJUJUJUJUIUIUIUIUJUJUJUJ<UJ<LUUJ<<UJ<UIUJ<< 
OOr-^vOOO^«)M'00'202002202Slfiz  " 
i  S  s  i-  o  o  r-  *s^  rv  —  -  — 


O  O  O  r  r  M  O  I 
r-t-Or-r-KlNt 


CO 

VO* 


sr  o 

^  cs 


ggggg;:g°£°::gSi:Sgg°k 

*  1  I  I  I  I  I  I  t  i  I  I  t 

UJLULULUUJLULUUIliJ  111  IULULULUUJUJLUIULU 

(^O'O'COcyfvjsfstimAOT-cocoSfvnnrgS. 

(>fOO'4-^Msl-SiAOMIOOOOO'OCOK) 

c\jLTk»-so«-sO»vr*-(\jfo^^sD^^N!^^rvj 


<<UJLUUJUJ<<<<<<UJ<<<UJ<< 

ac=r^ag5=e=Ea:ae:e3css 

O'  in  *—  in  >4- 


:3 


<  <  LU 
Z  2  O 


<0  N  N  'O 
UJ  UU  UJ  til  Ul  < 

vf  *-  m  *—  cm  “ 
r-M  00  fVJ  'O 


N'O'O^  K 


r-  OJ  CO  t\J  S  r- 


.  in  o  vt  co 

O'  O  <)  >f 

in  f\i  »-  «- 


UJ  UJ  <  UJ  < 


_UJ<UJ<<<UJ<UJ 

Z<)ZOZZ*'- - 

h-  CO 


:  UJ  <  UJ  LU 

:  O  z  >o  O' 

*—  ro  6^ 


<  < 


Nt  m  ^ 

*-  *-  o 


(M 


UJ<<UJUJUJUJUJ< 

z  z  z  K  - - 


m 

K» 


R 

r-  00 


CUJUIUJ<<UJUJUJUJ 

£Kir\j*-aeaezin=Eae 

CM  O  O  *— 

fOKlr-  in 


<  <  UJ 

zzo 

O' 


lAiri'O'O'O'O'O'O'OOCOst 


O  CO 
CM  T— 


UIUJUJUJUJUJUJUJUJUJUJUJ<UJ<UJUJ<CUJ<UJUJ<< 
inin0'0'0'C0c0t-'0r0inf0zszoozz<\JZ0'K)zz 
(M(M»“sfinKi'«toO'inco>*j'  o  so  co  in  <mo 


*-  CMCMCMCM(MN-s4,s4»t-CM'OCNJ  *— 


N- 

o 


<<UJUJUJUJ<<<<<<I 

zzaaDOr-zzzzzz- 

O  *-  O'  CM  , 

CM  *—  (M  *—  1 


I  <  <  <  UJ  <  < 
ZZZJ-2Z 
N* 

kJ 


COCO'OS'OSCOCOCOMChCO 

t-r-r-r-i-r-r-r-f-OJr-r- 


K»  O 
(M  CM 


UJUJLULUUJLUUJUJUJUJLLILLI<UJ<UJLU< 
MSf\JOsrO'M'00(MM«-ziOZinNz 
Ovj,inSoo«-fOf\JincMKi«NJ  in  o^t 


*—  'O  in  *-  jo  *-  i 


i  cm  in  o  in  «-  m 


§ 


<UJ<IUUJ<< 
Z  1^  Z  fM  CM  Z  Z 

o  co  m 


:  UJ  UJ  UJ  LU  <  <  I 
:st0»-v022: 
cm  ro  in  *~ 


:  <  <  LU  <  <  <  LU  ■ 

:  z  Zi-  z  z  z^  : 
CM  '2> 

*o 


<  <  UJ 
2  Z  N 
CO 


NN.in'Oin'OSS'CMMCOS  «-  CM  O  O  O'  CM 

«“  «“  *~  *“  *—  *—  CM  *~  *—  CM  (\)  r-  r\l  r—  CM 

<•>*•<  I  I  I  I  II  I  I  • 

UJUJLUUJUJUJUJUJUJUJUJUJ<UJ<UJUJ<<UJ<UJUJ<< 

^£i0:£P£!coroEK,<NJCN,asraE0^ac*'--2*srco35 

ON«-MN-OfOyiCOT*KIO  S  vt  *—  r-  vf  in 

0"OMNhO'OrOO'»“'Of\JfM  inn!  in  jn  *— 


<<LULULUUJ<<<<<<UJ<<<UJ< 
2Z»-rOr-NZ22ZZZlrt2z3o; 
o  o  in  in  sr  cm 

N  CM  fO  Kl  n!  fn 


N- 

<  <  UJ 

z  z  »- 
tn 


'jin'O'O'OininLnmoSM 


LUUJLUUJUJLUUJUJUJ<UJ<UJ 
NWr-MT-vOvOr-SzS-  IX  N- 
SfOOOfOi-Ot-O'CVJ  O  CM 


HI  1 1 J  III  1 1 )  III  111  111 

N  f  CO 
COCON 


UJ<<U1<UIUJ<< 

^ZZO'ZW'tZZ 

■st  'O  cm  m 


■  0"t  CO  in  K)  CM  CM  »-  r-  in  r-  *- 


«-  O  *-  fM 

iKKSK; 

CM  *~  O'  *— 

CM  *—  CM  «r— 


N.  *- 

O  *- 

<<<UI<<<LLI<< 

zzzozzzt-zz 
*—  s» 


ro^j-s.  KirosrsfNfsfvj-sr'j-cO'OojNNmoO'O'OroN  ^ocmS-i 


LU  UJ  UJ 
O  'O  'J- 
CM  CM  in 


Ul  UJ  Ul  Ul  UJ  UJ  UJ  I 

m  m  in  in  in  j^-  i 


I  LU  UJ  LU  LU  UJ  UJ  LU  11 J  U]  UJ  til  HI  ul  III  III  li|  Ilf 

,  inf'->j-CMC0O''O<Minc0minc0LncM'O*— 

*-«—  CMCMfMN-CMinCMCM'4,CMOmCMC0sJ'0'«—  'Of'O'OOfMin 


*—  *—  CM(MCM'OCMN4-CM*-rO*-*-inCM?'n*—  CO*-N-*—  *-*-CM' 


52:£2'0'*-cgof''-o*-0''ON-rocoo'or^ 

00000^-0**-0^-r-  OOt-*—  00^-0 

<  *  •  •  I  I  I  •  <  I  t  I  I  I  I  I  I  I  I 

LULUUILUUJLULUUJLUIUUJUJUJLUUJLUUJLULU 

O'O'iAsT'OCO'J-tOini/lO'r-Nfi0M\JN(MN 

O'rooO'^O'rKinOKiMinooO'COcoro 

CNJinT“inT-'0't»-NM«-»-in«rr-N.«-r^(\l 


oi 

o 

<0 


J 

U  JC  O 

o  o  c 

— -  <11 

5  8-S. 

0>  O 


oj  o>  o> 

—  CL. 
CO  OJ  >» 

££  a 


co  co  O 
c  c 
0>  0) 


as 

<u  — 

c  o 

CD  N 
(A  C 

>S  ■ 


S  £2 

o  o  or- 

<  <  CO  U  Q 


c  c 

01  OJ 

X  L_ 

*-»  oj  x 
c  c  *-> 
co  OJ  c 

L  L  (0 

o  o  c 
3  3  0) 
— »  —  x 
u.  u.  a. 


OJ 

£ 

IM 

c 

2 


N  OJ 
C  X 
OJ  -M 
.Q  01 


s  sjb 


OJ  — 
U  X 
>.  u< 
CX  CO 


o  ■ 


0> 
OJ  c 
c  — 


OJ  OJ  •  < 
X  X  O- 


co  O  TJ  o 
C  c 
C  0)  L- 
01  X  >»  33 

a.  a.  a.  a 


— '  — <  L_  C_ 

X  X  01  o  o 

I  u  o  c  — *  — * 

-  OJ  . 

D 


L.  O  t_  L.  3  u 
>•□.+-< 


01 

TJ 


OJ  O  U  L.  L. 


•—  <D 

L. 

3 


(0  <— 

>  > 


8-66 


COOqpoO'0'OinN-N-^*-COCOOGK»-« 
0000000000*-00*-0«-0 
I  I  •  I  »  I  •  I  I  I  I  I  •  I  »  *  • 

m  ji|  m  111  nj  i  i.i  tn  uj  uimvuuimujujuiuj 

f\jroro<rrocg«^;K)a'^2rvjvr^-cninr\i 

ococoNincO'i'OO'OO'OMOtyinN 


LkJ  UJ  UJ  LU  UJ  LLI  UJ  LU 

roroom-vj-omo 
COCONst  fOKlON 


<UJ<<<<UJ<UJ<<UJ<<<<< 

Z^OZZZZ'OZr-ZZ^ZZZZZ 

^  fo  ■<  ro 


<<<<<<<< 

zzzzzzzz 


<<LU<<<UI<IU<UJ<UJUJUJUJUJ 
ZZZZZZinZOZZZZZNZOj 
O  CO  CO  K> 


<UJ<<<<UJ<UJ<<UJ<<<<< 
zszzzznzvtzzinzzzzz 
C\J  O’-  o 


<LU<<<<UJ<UJ<<LU 

«-  o  ru  «— 


<  <  <  <  < 


<<<<<<<< 


z  z  z  z  z 


<UJ<<<<UJ<LU<<UI<<<<< 

zh-zzzzozh-zzNj-zzzzz 

S-  cm  cm  o* 


<<<<<<<< 

zzzzzzzz 


OOOCOCO'O'OinKN-4'’-OOCOOO’-CO 
OOOOOOOOOO’-OO’-O’-O 
I  I  I  I  I  <  I  I  I  I  •  •  I  I  «  ■  ■ 
yl  III  m  m  UJ  UJ  LU  m  LU  UJ  UJ  UJ  UJ  UJ  UJ  UJ  LU 
ojNfro-strocofMKioOvtoorONfT-ogino 
O'OeoNincoin'OinOOJnKiocoinN 

rvj’— «— 'O*—'—*— rororvj 


'O'OS'Oirnm/un 

oooooooo 

LULULULUUJUJUJUJ 

fOM'Oir\'joiAO 

cocoNsfrorooS 

N-N-fM'OinoJ'4’»” 


S  i  2  i  e  §  e 
c  LTJ--.C  ’(/>•-  S  u  £  -m  •— 

«J3^Q»Q.«COll»3C-'  ctdu 
cn  u  to  ro  a>  *—  >  •—  O  — >  corj-mo 

C« _ »  U  O  T?  U  <0  C  *-»  C  -M  C 

<0  <u  o  •*-  .c  o  a>  •—  ■—  o  -m  .c  •—  «—  cj  •—  •*- 

lllzaa.w(/iwwwKi-H>>'N 


-  o  o 

:  —  3 
i  r-^TJ' 
:  o  u.  •—  i 

>  o 
:  c  c  < 

a>  o 

:  ai  ui  u 

>  o  o  •- 
!«-«—!— 
.■O  P  V 

I  >  - 

I  X  X  z 


8-67 


539CCSB.T8L  1/15/91 


Daily  Intake  (mg/kg/day) 


v 


J 2 

(0 


o 

a. 


Si 

< 


C 

s-.2 

<D 

C)  W 

CO  (U 


4)  c 
2  .2 


«-  O'  >*  N. 
fM  «—  (M  *— 


S  CO  «” 

CM 


CM 


NO  CO 


Kl  N  S  O  N 
(M  fM  <r-  r\i  t— 


grs  *0  N.  ro  (M  o  o  o  «-  co 

fMIM*-  CM  *“  CM  fM  *•“  CM  CM  CM  »"* 

s  SS~*wRo**5a‘*85;*S55!oR*****eS!qatlS*8&fe*8g5aa3 

O'  tA  VO  «-  N>  CO  so  'O  *-  m  ho  *—  CM  «—  T— 


»“  «-  1-  in  «-  in 


in  'O  NO  tr- 


co  ro  n- 
*-  r\j  *— 


in  N- 


CvJ  f\j  sO  O'  N» 

cm  cm  *-«-*- 


O'  w*  N> 
«“  fM  *- 


no  ro  *—  co  O'  O'  o  co 

T-CMCM  f-  (\J  r- 


Or*-'  to  o  i n  o  n'O  cm  cO  X)  FCro^  M  S?ofVj  2(Nj^2[J; 

in  O"0N  Nf  mM  ro*  *-  "*  cm  o^  ro  cu  o*  ^n^n!  co*  nj'Oin  co  m*  co  ^  co* 


IO  Nt  N- 


O'  co  Pn.  O'  in 


'O  S  't 


'OCONO'jr 


N  S)  'O  CO  (M 


!LLI<lJJUJUJ<LUUJUJ<<UJ<<lUUJ<LUUJLLJUJLiJ<’ 


o  I 

«“  CM  ' 


s-  m  no 

i  'O  N- 


in  in 
ro  ro 


cd'iRoM- 
CO  ro  N.  CO 


<  <  <  <  tu 


UJUJ<UJLUUJLULU 

-  -  -  — - -  WM20inin'0«- 

Nj-'r-'O  ro  no  0  h-  in  'Orocot-T- 


M  in  in  'ON 


in  * —  t~  cm  i 


£J^b!^^4^>y^w^4^4^m^^wiuiuwiiJiuiuiuujiuiuiuiuiuiuiLiiuujujiuujujtuiuujujujuj 
Ornro^^^o^LnrOfO^^^^^^tnr^ON.'OinO'un*— '«qrLriN-N--'r--r>^T— vOinN-rOfMnjcOLn'O'O 
O'^^inN.CMT-otn^inooO'OcMeNcOinfOvjrcMmooF-^cOr-fMCMOinfMOinfM^inNlN.roocO 
rofNJnjrvjinininr-odrvjMtn'i'r-f-njKinjoro^co  inoinr-’  0'«-*inO''  ^t\irvj'o'  »-  o!in«-r^^'  r^njin 


v 

T> 


£  X 

o  o 


<u  —  c 
c  c  o  c 

1  O  O  — >••—  hi 

*->  4~>  >.  u  a 

'  <U  d)  L  -O  L 

u  O  O  — *  -M 

<  <  <  <  < 


2  £ 

O  <D 


C  C  C  C 
<U  O  d)  o 
CO  OQ  CO  CQ 


L  UJ  h*  O 
O  O  Q  N 

- - -  — '  Q  Q  C 

O  JZ  XI 


o  o 

— '  Cl  l_  _ 

Uvt-UU  Q.  0.-8 
*  «•  -C  i  i  *  ->«- 

vt  vr  cj  vj-  vj-  a.  o.q 


I? 

O 


£  £ 
01  0) 
-C  -C 
4-»  C-» 

8  8 

L.  U 

o  o 


Crt 

o 

15.  c 


o 

* 


(/) 

u. 

tu 


8* 

L. 

o 


c'is^ 
>* 


O  CL 

or  uj 


<D  jC  V  UJ 

Q.  4-» 

<0 


2112  2-S.t 

—  D  -M  01  (0 

—*>.(/)  0)  O  t- 

-  „  5  *  -S.5 

jr  c  o  <y 

O'^-ug^xxwc 

—  t-  Q-—  rr  r  C  c 
*•  O  O  Q  TJ  O  Q  U  +J  P  ^  - 

-i  i  i_#w,  a>  o  o  x  jc 
*“  cm  rvjc  ro  e  e  e  o+> 

*—  QO«—  QQQOQ 


8 

a> 

N 

sl 

o  o 

INI  U 

cil 

•—  —  o 
i-  >*  <0 
•n  -c  x 

C  4-»  o 

UJ  UJ  X 


s 

4) 

■5 

(0 

'M 

c 

1 

& 

8 

u 

o 

— •  c 
£  •- 
o  u 

ss. 

a>  (A 


s- 

2S 


8-68 


eo 

-'i 


m  vj-  «o  Mrostst'tfO^M^oomfMS'OroS'Oinro'O'OONroK)  $9$2S£SS£o2o«°,,”S£i0N*r0t^££i£^ 

«_  ^^r.r.r.r.r-^r.r-»-f-r-T-r‘r-i“«-»-*-i-T-T-f-r-  00000«--0*—  O*—  *—  OO*—  «”00*-0 

.  •  •  i  •  |  i  i  t  •  I  l  I  I  <  <  ■  I  I  ■  I  *  ■  i  •  •  •  •  . . *  * . *  *  * 

iu  LL1  LU  LLI  UJ  Ui  UJ  UJ  IU  UI  UJ  UJ  UJ  Ul  UI  LU  IU  UJ  UI  UI  UJ  LU  UJ  LU  UJ 

lAN^06OKlONOM'5f\Jr0sfSKlN^M»-Orvjn^r- 

'OON»-CMnrOOr-vff-(M^OOOO'OinO»-f\J»-00 


I  vT  sO 

UJ  Ui  UJ 
22% 
inin  oj 


<  <  UJ 
2  2 E  v0 
O' 


<  <  UJ 

z  z  o 


<  <  UJ 

z  z  >o 

o 


<u 

■D 


-8 


X  CD  . 
CJ  c 
0) 

>■>. 
X  JC 
*-< 

<u  dj 

Z  X 


I  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ 
o»~Km(>Kv}-0'»-infNifOinfOOcor\J^T- 

SfNjKivtwroaooKoo»-0'rO'4’PON-fNJoro 

NO^rJ^K>*-^<>K»moofOtM^-f\jrvjT“s4-NrLn 


UJ  UJ  UJ  UJ  Ui  UJ  UJ  UJ  UJ  UJ  l 


cooooincoin«-inS-NOr^PO 


s-  N- 
00  CO 

inincMrjojr'-T-po*-'0«-'0 


<  ui  < 
z  o  z 
CO 


UILU<<LLI<UILU<< 

O'^’ZZN.ZOO'ZZ 

O'  in  O  vO  cm 


'O  s  s  »o 't 


N’O'Oj^  N 


UJUJUJUIUJ<UJUJUJUJ<UJ<UJ<UJ<<<UJ<UJUJ<< 

“?rSr:fy*!oe^C®2aE|CaES3*§*a:ai:2acroSac* 


r-  ro  co  rvj  <o 

cj  oo  cj  C- 


ooiij 

in  f\i  T-  r- 


N- 

CM 


CJ  w-  w- 


•  III  IIJUJUJUIUIUJUJUJUJUIUJUJ<UJ<UJUJ<<UJ<UJUI<< 

:t-  r-«-«-C0S0'Nr*CQ(10Of\JZN2'#CMZO2Nfl0Z2 

nfO'OSfvj'O'OoW'jOvj  <n  <  o  eo  <>  *- 

T-*  r^T-srin'Or-(\JOOfOr-^r-  >0  Vf  *-  OO  «“  «“ 


o  SSN.S'ONSCOCONON  j- 

(M  r-r*r-r-r-r-T-f-t-(\Jr-»-  CJ 


CJ  O' 
CJ  «- 


UIUJUIUIUJUJUIUJUJUJUJUJ<UJ<I 

c0N'O'O'OO'2'*-’-M'ti^: - ~  ■ 

NNSr-ocoo-t-mrofO^ 

I^'0oorj^i^*-roiri'0'0'0 


IUJ<<UI<UJUJ<< 

- - :  z  in  z  z 

in  t-  eo 


O' 

'O 

vO 

in 

O 

in  'O 

'O 

'O 

T- 

CO 

o 

o 

O' 

O' 

oo 

t— 

r— 

1 

CJ 

OJ 

CJ 

T— 

CJ 

:  ui 

UJ 

UJ 

UJ 

UJ 

LU  UJ 

UJ 

UI 

UJ 

UI 

UI 

LU 

< 

lu 

< 

LU 

UI 

< 

< 

LU 

< 

UJ 

UJ 

< 

< 

r— 

00 

in 

o 

O' 

fc 

CJ 

CJ 

-J“  O 
i“  in 

O' 

CJ 

O' 

ro 

in 

o 

o 

CJ 

NO 

3 

Z 

o 

eo 

z 

fN- 

o 

CJ 

z 

Z 

CJ 

00 

Z 

f: 

2 

z 

z 

K» 

< 

CJ  PO 

r— 

in 

*■" 

ro 

Nj* 

PO 

CJ 

in 

CO 

CM 

'O 

CJ 

s- 

ro 

vt 

N- 

vO 

N*  'O 

Nj* 

NO 

NO 

O' 

■o 

CJ 

c- 

CO 

NO 

h- 

o 

00 

*"* 

*“ 

*“ 

*“ 

■*” 

r— 

N” 

*— 

N"~ 

T- 

*— 

*“ 

UJ 

UJ 

UI 

UI 

UJ 

UI  UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

< 

UI 

< 

LU 

UJ 

< 

< 

UJ 

< 

UI 

LU 

< 

< 

J- 

o 

O' 

CJ 

O'  O' 

O' 

T“ 

NO 

NO 

fN- 

O' 

z 

O' 

O' 

z 

z 

o 

z 

O' 

PO 

z 

z 

N. 

NO 

00 

in  po 

CJ 

00 

O' 

in 

C- 

■Nj- 

CJ 

>o 

'O 

00 

PO 

vO* 

r— 

vf 

in 

C-  oo 

▼— 

PO 

*- 

in 

PO 

nO 

od 

PO 

*“ 

PO 

00 

'O 

PO 

fO 

N* 

J- 

Nt  PO 

nj> 

PO 

Nt 

CO 

NO 

CJ 

N* 

NO 

PO 

00 

o 

in 

PO 

>o 

o 

CM 

N- 

PO 

PO 

T“ 

»— 

T— 

T— 

«— 

T— 

T“ 

r- 

*— 

*— 

«— 

w— 

*— 

*“ 

r— 

r~ 

•” 

T— 

«— 

*” 

i 

UI 

UJ 

UJ 

UI 

UJ 

UJ  UJ 

UJ 

UJ 

UI 

UI 

UI 

IU 

UI 

UI 

LLI 

UI 

LU 

UI 

UJ 

UJ 

UI 

UI 

ui 

UI 

LU 

vt 

ro 

PO 

in 

in 

in  cj 

in 

in 

in 

Nj- 

PO 

Pn- 

NO 

in 

PO 

T— 

o 

CO 

o 

in 

in 

o 

o 

o  in 

o 

o 

o 

00 

fN- 

N. 

Nj- 

CJ 

O 

in 

CJ 

o 

in 

N- 

r- 

N 

CJ 

o 

O 

CJ 

cj  cj  in 

in 

in  »- 

in  «—  in  rj 

N.  CJ  CJ 

r- 

in  oo  po 

(M  CJ  r- 

ro  ro  cm  in 

—  w  - 
z  a e 
•  < 
'J-  CL 


<D 

c 

O  <11 

— >  c 

<o  a 
x  x 

4-*  -M 
■§.£ 
S  8 

<u  a> 
o  o 


<0 

o 

c  o 

aj  n 

eft  c 

JZ  •— 

u  o 


g 

.  <u 

x 

4-»  <D 

c  c 

ft)  o 


a> 

c 

OJ 

N 

c 

j 

o 

L. 

O 


c  <d 
o  c 

M  CD 
C  X 
<D  -m 

.a  a> 


<D  c 

CO—  -  _  -  - 

«i  •—  x  c  •—  a>  x  x  <d  o  o 

L-jC  o  — »  - *  c  ft)  oo  c  — ' 

>.4->RJO'OOfl>c«)ft)a»- 
Ou  - 


<d 

CD  C 
C  •—  0) 


o  o 

X 


0) 

c  a> 
4J  c 
n  a> 
c  x 

ft)  -M 

.□  a> 
o  o 


i  _c 

x  o 

^•MRJO'OOflJCftJftJOXX  C  —  C 
ftj4-»c-^-Ci-Qt_i-aooftjQ>*ft) 
t-  c  CD  L.  >*  Q.  4-»  4-»  — CD  Q.  C  — 1 

ftJH)X>*D*-'DOIUOi-t.L-ftj.^>. 

da.Q.llOWWhhHHhD>>X 


<<UJUIUIUJ<<<<<<UJ<<<UJ<< 
ZZ'OO'N-'OZZZZZZOZZZOZZ 
JOlftr  O  N“ 


r-  sf  K)  •sf  Kl  S  CJ 

•-  r-  r-  O 

ill  ill  • 

UI<<UJUIUJUJUI<<UIUJUJ<<UJUJUI 

zzzS-zcnzmzzmoj'-zzzinz 

m  k  in  cj  o  o  «— 


po  *~ 


<<UIU1UJUI<<< 

zzej^-oc-zzz 

CM  O'  'O  O 


»  ro  «- 


r-  'O  r- 


lON'tin 


N- 

o 


<<UIU1UIUI<<<<<<I 

zz<,ogr-cozzzzzz' 
m  'O  in  O'  f 

'J-  ^  n*-  ' 


MOINJ'O  N-  CJ 

r-  o  «- 

iiii  i  • 

<<UJUJUIUJ<<<<<<UJ<<<UI<< 

zzoo'oo'zzzzzzinzzzmzz 
c-  cm  o  ro  <  o 


CJ  *-  CJ  PO 

r-  r-  *—  *— 
till 

<<UIUJUJUI< 

z  z  N.  cj  eg  oj  z 

CM  CO  'O  -<r 
C“«  «-■  'O  *-■ 


N-  CJ 

o  «- 

<<<<UI<<<UI< 

izzzzmzzz'oz: 
cj  in 


(OWO'COO'OtOONOr-OinMONOOS 
OOOOO*—  0«—0t—  «—  OOt—  *—  OO'I—  o 

1  I  I  1  I  I  I  I  I  I  1  I  I  I  I  I  I  I  I 
ill  hi  in  iu  hi  hi  lit  hi  lit  in  HI  tu  hi  in  ill  in  in  m  ui 
oi-iftift'O'O'fogr-infMroinMOCocoOr- 

SojKtro(Mroocosco»-ONj-roSi-on 

>O»^N^rO»-OvrOinC0MCJ«-MMr->t^iC 


o  §  S  ^  8. 

"eoxxoo 

CJ  U  u  o  u 


CD 
TJ 

c 
ca 
>> 
u 

c  c 

<1)  o 
o>  O) 

2  °  C  T3  £  C 
ft)  TJ  O  CD  •*-*  O) 
>.  >S  U  01  CD 
U  X  *-  J  J  I 


5  • 


8-69 


8-70 


Not  applicable 
Not  eva luted 


00 

4J 

1 


& 

L. 

I 


2 

5 

o 

H- 

O 

■s 

>* 


<0 

O 


S 

s 


o 

a. 


■s 


<y 

-x 

03 

C 

5 


§5 

<u  o 

°  jS 


(/}  +J 

=  8 
o> 
c 


c 

3  ° 

Q  X 

's»  CO 
—  <u 


V  4-» 

J55  « 

CD  O 


— *  CO 
•«—  ai 

ac  a>| 


o  c 

Iq  .2 

CO  4J 

£  w 
&  <1) , 
s? 

c1 


N't'O'OCOrOMNfO'OrO'^S'OKII 


irocustsoNsm^-rorocMmsO^-i-romcMi 


o  t-  <\i  >o 
<\l  CM  r- 


oso 

T-  f-  (\| 


o 

C\l 


p*-  o 


<LU<UJUJUJ<LUUJUJ<CUJ<<UJLU 

2T-2inW't2coo*“za[sJzzost: 

Ns  OmfM  MON  *-  O  O 

in  >o  <■  «-  cm  sO  in  *-  'OO 


T-  (MON 
cm  cm  o 


'ON  O 
*  *-  CM 


'O  o 


OOCOr-N 

(\J(Mt-(Mt- 
l  (  (  l  l 

*  UJ  UJ  UJ  UJ  UJ  < 

:  o  cm  o  'O  o  ; 
*-  st  cm  co  *- 

f-  sj  o  »-  »- 


O  in  O  N. 

CM  CM 


CM  rM  O  r-  CM  CM  *-T-  pj  CM 

i  i  +  i  iii  i  ii  i  i  i  •  i 

<UJ<UJUJUJ<UJUJUJ<<UJ<<UJUJ<UJUJUJUJUJ 
Z02i-Or*20KlN22M22'0(02'OlftsJOm 
rv  n  m  in  in  O  CO  CMin  st  sf  O  sf 


'  O  NOfM 

«-  ^  o  in 


in  in  O 

st  sf  CM 


’  cm  in 
«—  in 


’  $  <  sr  o  < 

>C  CM  «—  fO  vt 


<  UJ  <  UJ  UJ 
z  co  2  in 
cm  m 


UJ  w  < 


UJUJUJ<<UJ<<UJUJ<UJUJ 
(\JvJC02ZinzZsffM - ~ 

Min  oj  in  mo 


t-  *—  «—  CM 


NCV1S 
CM  r-(\Jr- 


'OCMO'O'O 

'OCOOi-'O 

CM  O  CNJ  st  CM 


Z  Z  Z  2  Z 


UJ<UJUJUJ<UJUJUJ<<UJ 

-'.N'J'OZCO'OO  zz^* 
st  O  CM  st  O  CM  'O 


:K: 

c* 


i-Ni-  CO  0"0 


:SP 

N-’ ro* 


CMr-'OO'S 

(MCMr-t-r- 


o  m  m  st  m 


*o  «-  N* 

*“  «M  «- 


'O  N-  O 
«-  «-  CM 


<UJ<UJUJUJ<UJUJ  UJ  <  <  UJ  <  <  UJ - -  -  -  - 

-  - -  — - :c\j  z  zom  zN  wo  (Mto 


ZCOZi-f-OzNCOOZ 

Ns  o  *-  o  moo 
in  mi  (M  N  'O  m  st 


CM 

CO* 


«-  o 
▼*—  n! 


i-O^CO'O 

(MCNJ«-»-t- 
I  I  I  I  I 

<UJUJUJUJUJ<<<< 
'Nworvjcozzzz 
O  m  o  CM  o 

m  cm  «-  O  ro 


N  N  in  co  vt 


UJUJUJ<UJUJUJ<<UJ<<UJUJ< 

inooozN-  - - - 


stmzzoszzmmzo 
*-  cm  in  ro  m  co  st 


T-~  O*  r—  st  Ns  eo 


KUJ  UJ  LU 
co  O  CM 
ninfMO 

CM  O  «-  CM  *- 


NW'ONWI 


N- 

m 

ro 

m 

*t 

in 

st 

co 

CO 

ro 

in 

sO 

sO 

Ns 

CM 

«” 

«■" 

f- 

*— 

r— 

<r— 

T— 

*” 

r— 

y— 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

LU 

UJ 

LU 

UJ 

if 

m 

St 

m 

CM 

o 

Os 

Os 

3 

m 

CM 

m 

St 

st 

SO 

F 

in 

*— 

ro 

in 

ro 

CM 

m 

St 

m 

st 

O' 

CM 

ro 

Ns 

.  *— 

CM 

ro  >o  cm 

«—  m 

CM 

CM  CM  ro 

*— 

O  Ns 

O  co  co  CM 

< — 

OS  O 

sO 

CM 

*- 

CM  CM 

(M  CM  CM  t- 

< 

UJ 

UJ 

UJ 

< 

UJ 

UJ 

UJ 

UJ 

UJ 

< 

UJ 

UJ 

UJ 

UJ 

UJ 

z 

st 

N- 

oo 

z  st  ro  ro 

CO  CM 

z 

CM  CO 

3 

co 

CM 

m  ro 

CM 

st  st 

^ — 

*— 

SO 

ro 

*" 

*— 

CM 

*"■ 

ro 

CM 

ro 

r* 

ro 

st 

*“ 

O 

o 

Ns 

Os 

N- 

ro 

co 

o 

O' 

O 

Ns 

CM 

i 

CM 

CM 

T— 

CM 

O 

r* 

1 

1 

1 

4 

1 

I 

1 

1 

1 

+ 

1 

< 

UJ 

K 

1X1 

< 

UJ 

ULI 

UJ 

UJ 

UJ 

< 

LU 

LU 

UJ 

UJ 

LU 

z 

t— 

3 

z 

st 

z 

SO 

SO 

oj 

z 

m 

N- 

o 

in 

O 

CM 

o 

o 

ro 

Os 

m 

sO 

o 

T— 

• 

CM 

in 

VO 

in 

ro 

CM 

O' 

st 

o 

CM 

O 

00 

s0 

CO 

Ns 

Ns 

O 

00 

Os 

O 

Os 

in 

CM 

CM 

CM 

CM 

*“ 

< 

UJ 

UJ 

UJ 

< 

UJ 

UJ 

K 

LU 

UJ 

< 

LU 

UJ 

UJ 

UJ 

UJ 

z 

CO 

T— 

CM 

z 

SO 

Os 

3 

T— 

z 

fs- 

CM 

CM 

Os 

o 

N- 

m 

ro 

Ns 

s0 

in 

O 

m 

s- 

o 

o 

CM 

ro 

m 

CM 

ro 

N. 

st 

CM 

CO 

CM 

Ns 

ro 

O 

o 

Ns 

CM 

in 

ro 

Ns 

OS 

00 

co 

CM 

*r— 

CM 

CM 

CM 

S” 

CM 

< 

UJ 

UJ 

UJ 

< 

UJ 

LU 

UJ 

UJ 

1X1 

< 

UJ 

LU 

IXI 

LU 

LU 

z 

00 

o 

o 

z 

Os 

o 

SO 

z 

CM 

CM 

st 

CO 

o 

vO 

CO 

ro 

ro 

ro 

O 

O 

CM 

st 

*- 

CM 

V 

st 

sO 

*— 

st 

*” 

CM 

oo 

o 

NO 

in 

ro 

o 

SO 

00 

Ns 

O 

CO 

CM 

*— 

CM 

CM 

«— 

CM 

*— 

< 

UJ 

UJ 

K 

< 

UJ 

UJ 

1X1 

UJ 

UJ 

< 

UJ 

UJ 

LU 

UJ 

LU 

z 

in 

o 

z 

ro 

z 

ro 

m 

ro 

z 

SO 

o 

m 

m 

st 

O 

ro 

st 

Os 

CM 

sO 

Os 

St 

in 

o 

00 

Ns 

ro 

«— 

CM 

CO 

SO* 

O^ 

CM 

Ns’ 

CM 

T- 

CO 

o 

'O 

st 

st 

o 

sO 

Os 

O 

SO 

MD 

sO 

co 

CM 

*— 

*— 

*— 

r- 

«— 

•— 

< 

UJ 

LU 

UJ 

< 

UJ 

UJ 

UJ 

UJ 

UJ 

< 

LU 

LU 

LU 

UJ 

LU 

z 

m 

m 

ro 

z 

CO 

CO 

CM 

r— 

o 

z 

Os 

00 

Os 

c5 

00 

st 

o 

Os 

CO 

*~ 

co 

st 

PO 

CO 

T— 

*— 

Cvl 

ro 

T“ 

*“ 

sO 

Ns 

«— 

st 

T- 

CM 

ro 

Ps. 

CO 

v0 

ro 

in 

st 

in 

st 

Os 

00 

ro 

m 

ps- 

N- 

Ps 

ro 

*■“ 

y— 

T“ 

T— 

*“ 

*“ 

*— 

UJ 

UJ 

K 

UJ 

£ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

m 

N- 

SO 

m 

Ns 

ro  cm 

CM 

C° 

in 

3 

t— 

CM 

CM 

o 

in 

CM 

o 

in 

CM 

m 

Ns 

Ns 

ro 

O 

in 

c> 

CM  CM 

SO 

CK 

in 

*- 

st 

cm  m 

2 

<L> 


C 

8. 

O 


2J5 


W)  I  0)  O  0)  X  X=  L- 

•-  ro  E  £  £  O  -g 
O^OOOOOUI 


:ilS 
■>L8 
■5  5 


c 

o 


c  • 

JC  •- 
L)  L  y 

<0  -g  <0 
O  «  <0 

Z  ~  x 


8-71 


Methanol 


LU  Ui  UJ 
O  'O  O 
O  O  Os 


<  <  UJ 
Z  Z  N- 


<  <  UJ 

z  z  n. 

Os 


UJ  UJ  UJ 
'O'Osf 
O  O  <r- 


J0f0K1^£r0h0s4-f0'^C0inCvJh*-s0|s0N-'0tnKl'0'0ON.K1K1 

•  * . .  i  <  i  i  t  . . . 

UIUJUIUIUJUJUJUJUJUJUJUJUIUJUJUJUJUIUJUJUJUJUJUJUJ 

'OT-oO'ON«J(\JinS.nM«-roO'S.sOso^^|s.oSt-'OT- 

Si-r-r-sfCOsOi-OmNst^OOO»“OlAOr-(MMOO 


OlAOs^-OJOJOO 
'0K>»~0'(\Jf\JLns—  h»(MC\J«—  hOK)fOlX»- 


<  <  UJ 
Z  Z  K> 
O 


<  <  Ul 

z  z  o 


KNtOCOtOKSSCONO^'O 

UIUILLIUJUJUJUJUJUJUJUJUJ< 
lAinOJOCp'00"Or-Or-N|  3E 
OOsCOsOcOOs'f-OfMN.cO'vr 

Lr\iriir»'0'0»-^'r-LnsOT-so 


o  o  o 

cm  oj  oj  Osj 

■  it  i 

U1<UJUI<<UJ 

3z  «-  in  z  z  ro 

o  so  o 

(VI  (MS 


sO  «— 

«-  cm 

:  uj  uj  <  < 

:  ru  S.  z  z 

N*  Kl 

>*  oo  in 


iiiiiiiiiiiiiitiiii 

UJ  UJ  UJ  Ul  UJ  LLI  UJ  LU  111  Li)  III  111  IH  ill  n;  in  m  iji  m 
Of-'0(\J'ON>JOr-inOJK10KlO'CO»-Or- 

fs;r^‘^<>*st-<rOsoofs.oo»~oir>sj-roN--«4-0Kj 

sO«-oj*-Ki»-OsK)moororJ^rgrsj»^-s^sru> 


<<UJUIUJUI<<<<<<UI<<<UI<< 
ZZ'4'fOCQ*-ZZZZZZ>4‘ZZZ'J-ZZ 
in  s<5  cm  Os  eo 

in  M  S  K1  (\J  Os 


V)  S  N  st 


N.  sO  sO  r- 
*-  «-  CM 


sO  T- 
*-  OJ 


UJUIUIUJUJ<UJUJUJUJ<UJ<UJ<UJ<<<UJ< 

•<*-i£r-<Mzinos4-cozinzsozozzz'0  — 

1—  KlOOOJsO  O'  O  >0  nJ  N-  N-  CO 


*-  (M  00  CM  N.  «- 


in  CM  *-  1- 


s0  z  so  Os  : 

<r-  K1  Os 

(M  r-  r- 


*-  "<•  ro  *4-  fo 

«-  s—  «—  o 

UI<<UIUIUIUJUI<<UJUJUJ< 
“  ZZN2JOZK)ZZfO(Vlr-Z 


K> 

k! 


in 

oo* 


CM  Os  O 
Kl  Kl  *— 


<  UJ  Ul  UJ  UJ 

z  z  in  z  z 


mtnsO'O'OsO'O'OsOocOsj  o  ooo  Os  -<Os 

»-(-T-f-r-r-^r-T-f\Jr-r-  <r—  f\J  r“  «■—  i—  *— 

llllilllllll  I  II  I  II 

UIUIUJUJUJUJUJUIUJUJUJUI<UJ<UJUJ<<UJ<UJUJ<< 

nimoco  vj  cosgccoo 'Osi  20  z  o  z  zoo  z  m  o - 

I  >o  W  «-  i —  *  —  —  -  -- 


<  <  i 


fOforosJinrO'OMT-ino-st 

i-r-r-«-r-vt(\J(\J*-i-'^r- 


m 

sO 


in  0- 
-4“  «- 


UIUJUI<<<<<<UJ<<<L1J<< 

^*rgN.zzzzzzN-zzzozz 


'O'OLA'Oin'OS'O'Or-CON  T-  »—  Os 

CU*—*—  (\J  OJ  <r- 


Qs  *-  *- 


O 

OJ 


NOS 
*—  N.  *—  N- 


CM 

CM 


UJUIUJUJUJUIUJUJUJUJUJUJ<UJ<UJUJ<<UJ<UJUJ<< 

OsO'Ln^-S-r^^Lnovj'^r-^r^jcT-Lnac^vj-Z'OJsozz 


fooost 'OfO'fiocso^sf 


o 

in 


OJ  O' 
r-  OJ 


unu^^vt^vj-sOininoN-s0 


eo  *- 

«-  CM 


UJUIUIUIUIUJUJUJUJUIUJUI 
gsfoN'Or-'OvflinrO'ftn 
oOKinjsj'jcvjScS - 


- <UI<UJU1<<UJ<UJUI<< 

'jinzwatONzznjzN'Ozac 

soojsoo  sr  o  oj  o  go  *■“ 


oj  •—  m  m  N-  oj 

r-  »—  «-  i—  O  r- 

i  i  i  i  i  i 

:UIUIUIU1<<<<<<UJ<<<UJ<< 
lOOpssr-fOZZZZZZOJZZZKIZZ 
stNorj  sj-  ro 


Os  «—  in  so  *— 

«“  o  «-  *-  o  T- 

I  1  I  I  I  I 

<<UJUIUIUJ<<<<<<UJ<<<UJ<< 
ZZOr'-KWZZZZZZO'ZZZOZZ 
sjivioo  -sjr  «4- 


■»— ro»— vjfvj- 


Kisfinintn'jsjj'inO'sOM 


in  hi  m  iii  ui  ui  hi  hi  in  hi  hi  hi  «r*  m 

Os'OsOOJinoN.oOOJOs'OinzO': 

«- in  o>  co  ro  m  sr  r- r- si  o  N- 

*-inr->J-f\J(M«-t-'0'0*J,'O  00 


:  ui  uj  <  <  ui  < 

:  oo  in  z  zs  : 

O'  oo  m 


fnKi'f'fsnO'JMvtcO'OnjS'OrocO'OinrO'OONNKm 

■  *  *  •  *  •  •  •  •  i  i  i  i  •  i  i  i  i  i  i  i  •  i  i  i 

UIUIUIUIUIUJUJUJU1  UJ  UJ  UJ  Ul  Ut  UI  UJ  Ul  Ul  UJ  UJ  Ul  Ul  Ul  Ul  UJ 

nninininniinr-inins-sjf0'-S'0in*-m»-o*-c0'0»" 

minooomoooooN.fs-sj-rJOinrsjoinN.»-N.ojoo 


minoj  (vj(\Jininin»-inT-inpjNM<\J«-inoorOfvJf\J«-KiKiNinf- 


in  S  s* 


T-  O  O  OJ  fs.  o 

o  *- 

<<UIUIUJUJ<<<<<<U1<<<UJ<< 
CM  -M-  «-  •<  OJ  ro 


WCOO'COOOCOONOi-O'inSlOSO'ON 

0O000T-0^-0<r-*--00<-“«—00r-0 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I 

UIUJUIUJUJUJUIUJUJUJUJUJUJUJUJUJUJUJUJ 

pr-mro'0'Osfoot-iA(\jfoinMOsoO(00>i- 

S(MMrO(VJfnO'CONOOT-OsM'JKlS«-OKI 

'Os-cvis-KiT-O'MincomN 


<D 

TD 


-C  OJ  JO 

u  c  0. 

OJ  O 


oj 

c 

01  oj 
— <  c 

CO  OJ 
JO  -C 
M  -M 

8  8 
01  0) 
o  o 

I  <  < 


JC  C 
*  0) 
(0  JO 
01  w  w 


(0  C  O  C 
w  OJ  IJ  CO 
O  (/)  C  U 

N  >sl)  O 
C  U  _Q  D 
QJ  JO  - - - 


0)  _c 

C  M 

oj  c  <u 

CO  C 


OJ 

c 

OJ 

isi 

c 

& 

o 


OJ  01  I  < 
II'JO 


OJ 

.  _  _  OJ  c 

O  C  OJ  •—  _C  C  •—  0J 

D  0J  u  _c  U  —'  ■« - *  c 

.  _  —  _c>*MCOOTJOOl 

cquou-u.q_Q.co-m  C  *—  C  l. 

U  C  U  U 

CO  OJ  JC  >S  D  M 

0.0  0.0.0(0 


_  6 
C  u  CTJ 
<0  P  O  <0 

>S  S  t.  0) 

O  Z  M  -J 


i  « 

M  CD 
—  CO 


8-72 


TfcdsbjaSSI 

tSi^-I'JSSSS 


c00'00Sin'0inNN^oc0fi0oo»_c0 

OOOOOOOOOO^-OO^-Or-O 

i  i  i  i  i  •  i  *  <  i  •  •  »  *  i  •  • 

UJ  UJ  UJ  UJ  LLf  UJ  1X1  UJ  LU  UJ  UJ  111  LLI  UJ  UJ  LLJ  UJ 
ono'Ovtr\jojogotn'OcooNCMn^ 
(MCOr-OCJfMlAOOOKmOOW'OO'O 

ruirk^^— •Nj->4,tnO'vJ'*~'4‘m(vjcoN-'0 


S<<<<UJ<UJ 

z2zz^  zro 
>o  O  fO 


<<IXJ<<<<< 

zzozzzzz 


HI  III  HI  111  HI  HI  til  111 

inin(MnO'OOQr\J 

FwS.T-^Mr-Oca 

f  r-  <0  T-  r*  in  O*  fO 


<<<<<<- 


t  <  <  <  UJ  <  UJ  <  I 

:  z  z  z  in  z  o  z  : 
O  co 


<UJ<<<<UJ<UJ< 
Z'J-zzzzoz'Q: 
O  CO  CO 


I  <  UJ  UJ  UJ  UJ  UJ 
Z  Z  Z  CM  Z  O 
CO  K> 


IUJ<<<<UJ<UJ 
:rozzzzN-zin 
CO  CO  'O 


<<UJ<<<<< 

zzrozzzzz 


<<<<<<<< 


<UJ<<<<UI<UI<<UI<<<<< 
z^-zzzzruzozzmzzzzz 
CM  «-  CM  O 


<UJ<<<<UJ<UJ<<UJ<<<<< 

zrnzzzzN-z*-zz<\izzzzz 


COO'CONin'OinNNvtOCOCOO^'r-OO 

oooooooooot-oo»-o*-o 


(MO'— orvifMvrcomhorO’vj-ocMOOo 

NK)st»-r-sfWinM>t»-MKIC\JC0N'O 


<<<<<<< 


UJ  UJ  ii|  UJ  111  in  m  in 
ininoino'ococvj 
NSr-stCMr-OCO 

«- »- iO  «- »- in  O' m 


C  ^  3  E 

o>ncj  (D  -  3  c  O 

CU'D-ijCtfl-O  (_  £  4~*  ■— 

(o:Jciq.wcud3c-» 

CD  U  >.-*  t/5  <0  <U  «r-  >  —  O  — ' 

c  I - O  o  -M  —  —  — '  "O  U  03 

co  o  o  •-  z=  o  <u  *»-  ■—  o  j-»  x: 

IIIZIO.  WWMM  Wl- 


C  -O  L 
(D  (0  -M  <J 
C  -M  C  4-*  C 
—  —  (0  ■«- ■  •«- 
►-»->>-  IM 


■  o  o 

:  cj  u- i 

l  o 

:  s  s* 

:  oi  cn  o 

I  O  O  •*“ 

I  t_  t_  L. 

■  T5TJ  4^ 

I  >*  >*•-  • 


8-73 


539CCS8.TBL  1/15/91 


Table  8-18 


HaxiM  Total  Pollutant  Daily  Intake  for  the  Infant,  Resident-A  Scenario 


— '  B  fi 


Daily  Intake  (mg/kg/day) 
Breast  Milk 

Pol  lutant _ _ _ Inhalation  Ingestion  Total 


ORGANICS 
Acetone 
Acetoni tri  le 
Acrylonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic  Acid 
Benzoni tri le 
Biphenyl 
Bromomethane 
Carbazole 

Carbon  Tetrachloride 

Chlorobenzene 

4-Chlorobiphenyl 

4,4-Chlorobiphenyl 

Chloroform 

4-Ch lorophenylmethylsulfone 
4 - Ch l oroph  eny l methy l su l f ox i de 
p, p-DDE 
p#  p-DDT 
Di benzofuran 
Di chlorobenzenes  (total) 

1 , 4 - D i ch l or obenzene 
1 ,  1-Dichloroethene 

1 .2- Dich loroethene 

1 #2-Dichloropropane 
Dieldrin 

Di isopropyl  Methylphosphonate 

1 . 3- D i methyl benzene 
Dimethyldisulf ide 
Dimethyl  Methylphosphonate 
Dimethyl phosphate 
Dioxins/Furans  (EPA  TEFs) 
Dithiane 

Endrin 

Ethylbenzene 

Hexach l orobenzene 

Hexach l orocyc l opentad i ene 

Isodrin 

Ma lath  ion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Ni trophenol 

PAHs 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 

Phenanthrene 

Pyrene 

Parathion 

Pentach l orobenzene 

Phenol 

Pyridine 

Ouinol ine 

Styrene 


7.45E-17 

1.29E-18 

7.58E-17 

4.52E-15 

2.16E-14 

2.61E- 14 

4.52E-16 

1.40E-18 

4.54E-16 

4.79E-17 

1.56E-16 

2.04E-16 

1.06E-17 

2.71E-17 

3.78E-17 

9.82E- 13 

2.60E-12 

3.58E-12 

9.68E-13 

1.12E-15 

9.70E-13 

1.88E-12 

4.88E-12 

6.77E-12 

4.76E-13 

1.24E-12 

1.71E-12 

4.52E-16 

1.19E-15 

1.64E-15 

4.72E-13 

1.16E-12 

1.63E-12 

9.43E-14 

1.64E-15 

9.60E-14 

9.05E-17 

2.32E- 16 

3.23E-16 

3.00E-16 

5.21E- 18 

3.06E-16 

2.33E-13 

4.04E- 15 

2.37E-13 

5.47E-13 

1.39E-12 

1.94E-12 

7. 16E-15 

1.82E-14 

2.54E-14 

4.76E-17 

8.26E-19 

4.84E-17 

1.75E-16 

4.57E-16 

6.32E- 16 

6.51E-16 

1.70E-15 

2.35E-15 

7.97E-14 

1.84E-13 

2.64E-13 

1.60E-17 

1.88E-17 

3.47E-17 

9.41E-14 

2.40E-13 

3.34E-13 

1.70E-16 

2.94E- 18 

1.73E-16 

1.07E-1 7 

1.86E-19 

1.09E-17 

2.64E-16 

4.58E-18 

2.68E-16 

1.83E-16 

3.19E-18 

1.87E-16 

2. 14E-17 

3.71E-19 

2.17E-17 

9.84E-18 

5.80E-17 

6.78E-17 

1.73E-15 

4.48E-15 

6.21E-15 

1.88E-13 

4.84E-13 

6.73E-13 

4.79E-15 

1.18E-14 

1.66E-14 

4.12E-14 

1.13E-13 

1.54E-13 

1 . 13E-14 

2.86E-14 

3.99E-14 

2.89E-14 

5.85E- 13 

6.14E-13 

1.73E-18 

4.86E-18 

6.59E-18 

9.57E-18 

2.42E- 17 

3.38E-17 

2.83E-13 

4.91E-15 

2.88E-13 

3.22E-15 

1.86E-15 

5.07E-15 

8.91E-17 

2.57E-16 

3.46E-16 

2.52E-17 

1 . 08E - 1 6 

1.33E-16 

3.85E-17 

9.83E-17 

1.37E-16 

1.09E-12 

5.27E-12 

6.37E-12 

9.43E-13 

1.64E-14 

9.60E-13 

9.43E-14 

1.64E-15 

9.60E-14 

3.99E-16 

1.03E-15 

1.43E-15 

4.72E-13 

1.22E-12 

1.69E-12 

4.72E-13 

1.20E-12 

1.68E-12 

9.41E-14 

2.40E-13 

3.34E-13 

9.41E- 14 

2.40E-13 

3.35E-13 

9.41E-14 

2.67E-13 

3 .61 E  *  13 

2.83E-13 

7.20E- 13 

1.00E-12 

9.41E- 14 

2.41E-13 

3.35E- 13 

1.88E-13 

4.79E-13 

6.67E-13 

9.41E-14 

2.39E-13 

3.34E-13 

5.31E-18 

1.36E-17 

1.89E-17 

1.44E-15 

8.40E-16 

2.28E-15 

5.10E-12 

1.04E-13 

5.21E-12 

4.52E-17 

1 . 1 1E-16 

1.57E-16 

2.25E-16 

5.97E-16 

8.22E-16 

9.45E-13 

1.64E-14 

9.62E-13 
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Table  8-18 
(continued) 


Supona 

1.60E-17 

4.09E- 17 

5.68E-17 

Tet rach l orobenzene 

6.06E- 16 

3.65E-16 

9.72E-16 

Tetrachloroethene 

3.75E-15 

6.52E-17 

3.82E-15 

Toluene 

4.72E-13 

1.36E-15 

4.73E-13 

Tri chlorobenzene 

3.20E-16 

1.83E-16 

5.03E-16 

Trichloroethene 

5.78E-16 

1.00E-17 

5.88E-16 

Urea 

6 .91 E- 1 2 

2.91E-10 

2.98E-10 

Vapona 

4.25E-17 

1.13E-16 

1 .5-6E-16 

Vinyl  Chloride 

9.43E-13 

1.64E-14 

9.60E-13 

Xylene 

1.88E-13 

1.09E-16 

1.89E-13 

INORGANICS 

Aluminum 

1.25E-07 

NE 

1.25E-07 

Ammonia 

2.25E-08 

NE 

2.25E-08 

Antimony 

4.39E-09 

NE 

4.39E-09 

Arsenic 

2.48E-Q8 

NE 

2.48E-08 

Bariun 

6.08E-09 

NE 

6.08E-09 

Beryllium 

2.54E-10 

NE 

2.54E-10 

Boron 

1.85E-07 

NE 

1.85E-07 

Cadmium 

7.24E-10 

NE 

7.24E-10 

Calcium 

1.06E-06 

NE 

1.06E-06 

Chromium  (III) 

1.65E-09 

NE 

1.65E-09 

Chromium  (VI) 

5.81E-1 1 

NE 

5.81E-1 1 

Cobalt 

5.47E-09 

NE 

5.47E-09 

Copper 

2.33E-05 

NE 

2.33E-05 

Cyanogen 

4.52E-17 

NE 

4.52E-17 

Hydrogen  Cyanide 

4.47E-13 

NE 

4.47E-13 

Iron 

3.31E-07 

NE 

3.31E-07 

Lead 

7.80E-09 

NE 

7.80E-09 

Lithium 

7.62E-10 

NE 

7.62E-10 

Magnesiun 

9.90E-07 

NE 

9.90E-07 

Manganese 

4.27E-08 

NE 

4.27E-08 

Mercury 

6.87E-09 

NE 

6.87E-09 

Molybdenum 

7.64E-08 

NE 

7.64E-08 

Nickel 

1.98E-07 

NE 

1.98E-07 

Phosphate 

2.31E-05 

NE 

2.31E-05 

Potassium 

7.87E-06 

NE 

7.87E-06 

Selenium 

6.37E-05 

NE 

6.37E-05 

Silicon 

1.1 OE - 06 

NE 

1.10E-06 

Si Iver 

6.60E-07 

NE 

6.60E-07 

Sodium 

8. 1 1E-04 

NE 

8. 1 1E -04 

Strontium 

2.54E-10 

NE 

2.54E-10 

Thallium 

6.41E-08 

NE 

6.41E-08 

Tin 

5.60E-08 

NE 

5.60E-08 

T itanium 

4.24E-10 

NE 

4.24E-10 

Vanadium 

1.62E-08 

NE 

1.62E-08 

Yittrium 

1.48E-10 

NE 

1.48E-10 

Zinc 

1 -13E-07 

NE 

1.13E-07 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 

3.27E-05 

NE 

3.27E-05 

Hydrogen  Chloride 

3.27E-05 

NA 

3.27E-05 

Hydrogen  Fluorides 

1.16E-06 

NA 

1.16E-06 

Nitric  Acid 

2.70E-05 

NA 

2.70E-05 

Nitrogen  Dioxide 

2.23E-04 

NA 

2.23E-04 

Particulate  Matter 

9.63E-05 

NA 

9.63E-05 

Sulfur  Dioxide 

1.69E-04 

NA 

1.69E-04 

Sulfuric  Acid  Mist 

7.12E-05 

NA 

7.12E-05 

NA  =  Not  applicable 
NE  =  Not  evaluted 
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Table  8-19 


Pol lutant 


ORGANICS 
Acetone 
Ace torn'  tri  le 
Acrylonitri le 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic  Acid 
Benzonitri le 
Biphenyl 
Bromome  thane 
Carbazole 

Carbon  Tetrachloride 

Chlorobenzene 

4-Chlorobiphenyl 

4,4-Chlorobiphenyl 

Chloroform 

4-Chlorophenylmethylsulfone 

4-Chlorophenylmethylsulfoxide 

p, p-DDE 

p#p-DDT 

Di benzofuran 

Di chlorobenzenes  (total) 

1 ,4-Di chlorobenzene 

1 . 1 - Diehl oroethene 
1 #2-Dichloroethene 

1 .2- Dichloropropane 
Dieldrin 

Di isopropyl  Methyl phosphonate 

1 .3- Dimethylbenzene 
Dimethyldisulf ide 
Dimethyl  Metbylphosphonate 
Dimethyl  phosphate 
Dioxins/Furans  (EPA  TEFs) 

Di thiane 

Endrin 

Ethylbenzene 

Hexachlorobenzene 

H  exach l o  rocyc l open  t  ad i ene 

Isodrin 

Ma  lath  ion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Ni trophenol 

PAHs 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

D i benzo(a#  h )anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 

Pentach l orobenzene 

Phenol 

Pyridine 

Quinoline 

Styrene 


Daily  Intake  (mg/kg/day) 


Inhalation 

Breast  Milk 
Ingestion 

Total 

1 -17E-17 

2.03E-19 

1.19E-17 

7.08E-16 

1-65E-14 

1.72E-14 

7.08E-17 

2.19E-19 

7.11E-17 

7.51E-18 

6.40E-17 

7.15E-17 

1.67E-18 

4.53E-18 

6.19E-18 

1.54E-13 

5.57E-13 

7.10E-13 

1.52E-13 

1.75E-16 

1.52E-13 

2.95E-13 

9.17E-13 

1.21E-12 

7.45E-14 

2.41E-13 

3.15E-13 

7.08E-17 

2.50E- 16 

3.20E-16 

7.39E-14 

1.82E-13 

2.56E-13 

1.48E-14 

2.56E-16 

1.50E-14 

1.42E-17 

4.09E-17 

5.50E-17 

4.70E-17 

8. 16E-19 

4.78E-17 

3.65E-14 

6.33E-16 

3.71E-14 

8.56E-14 

2.30E-13 

3. 16E-13 

1.12E-15 

2.99E- 15 

4.11E-15 

7.45E- 18 

1.29E-19 

7.58E-18 

2.74E-17 

9. 1 1E-17 

1.18E-16 

1.02E-16 

3.32E- 16 

4.33E-16 

1.25E-14 

3.10E-14 

4.35E-14 

2.50E-18 

3.52E-18 

6.02E-18 

1.47E-14 

4.05E-14 

5.53E-14 

2.66E-17 

4.61E- 19 

2.70E-17 

1.68E-18 

2.91E-20 

1.71E-18 

4.13E-17 

7.17E-19 

4.20E-17 

2.87E-17 

4.99E-19 

2.92E-17 

3.35E-18 

5.81E-20 

3.40E-18 

1.54E-18 

5.17E-17 

5.32E-17 

2.71E-16 

8.43E-16 

1.11E-15 

2.95E-14 

8.58E-14 

1 . 15E-13 

7.51E-16 

1.85E-15 

2.60E-15 

6.45E-15 

2.94E-14 

3.59E-14 

1.77E-15 

4.48E- 15 

6.25E-15 

4.52E-15 

9.50E-14 

9.95E-14 

2.71E-19 

1.40E-18 

1.67E-18 

1.50E-18 

3.82E-18 

5.32E-18 

4.43E-14 

7.69E-16 

4.51E-14 

5.03E-16 

3.23E-16 

8.26E-16 

1.40E-17 

8.07E-17 

9.47E-17 

3.95E-18 

7.34E-17 

7.74E-17 

6.03E-18 

1.66E-17 

2.27E-17 

1.71E-13 

4.06E-12 

4.23E-12 

1.48E-13 

2.56E-15 

1.50E-13 

1.48E-14 

2.56E-16 

1.50E-14 

6.24E- 1 7 

1.87E-16 

2.5QE-16 

7.39E-14 

2.26E-13 

3.00E-13 

7.39E-14 

2.05E-13 

2.79E-13 

1.47E-14 

3.96E-14 

5.43E-14 

1.47E-14 

4.00E-14 

5.47E-14 

1.47E-14 

6.62E-14 

8.09E-14 

4.43E- 14 

1.18E-13 

1.63E-13 

1.47E-14 

4.20E-14 

5.67E-14 

2.95E-14 

7.79E- 14 

1.07E-13 

1.47E-14 

3.91E-14 

5.39E-14 

8.32E-19 

2.32E-18 

3.15E-18 

2.25E-16 

1.58E-16 

3.83E- 16 

7.99E-13 

3.36E-14 

8.32E-13 

7.08E-18 

1.74E-17 

2.45E-17 

3.53E- 17 

1.29E-16 

1.64E-16 

1.48E-13 

2.57E-15 

1 -51E-13 
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Table  8-19 
(continued) 


Supona 

2.50E- 18 

7.10E-18 

9.60E-18 

Tetrach lorobenzene 

9.50E-17 

8.24E-17 

1.77E-16 

Tetrachloroethene 

5.88E-16 

1.02E-17 

5.98E-16 

Toluene 

7.39E-14 

2.14E-16 

7.41E-14 

T rich lorobenzene 

5.00E-17 

3.03E-17 

8.03E-17 

Trichloroethene 

9.04E-17 

1.57E-18 

9.20E-17 

Urea 

1 . 08E - 1 2 

3.98E-10 

3.99E-10 

Vapona 

6.66E-18 

2.48E-17 

3.15E-17 

Vinyl  Chloride 

1.48E-13 

2.56E-15 

1.50E-13 

Xylene 

2.95E-14 

1.71E-17 

2.95E-14 

INORGANICS 

Aluninum 

1.96E-08 

NE 

1.96E-08 

Ammonia 

3.53E-09 

NE 

3.53E-09 

Antimony 

6.87E-10 

NE 

6.87E-10 

Arsenic 

3.89E-Q9 

NE 

3.89E-09 

Barium 

9.53E-10 

NE 

9.53E-10 

Beryl  linn 

3.98E-11 

NE 

3.98E-1 1 

Boron 

2.90E-08 

NE 

2.90E-08 

Cadniun 

1 -13E-10 

NE 

1.13E-10 

Calcium 

1.67E-0 7 

NE 

1.67E-07 

Chromium  (III) 

2.59E- 10 

NE 

2.59E-10 

Chromium  (VI) 

9.10E-12 

NE 

9.10E-12 

Cobalt 

8.56E-10 

NE 

8.56E-10 

Copper 

3.65E-06 

NE 

3.65E-06 

Cyanogen 

7.08E-18 

NE 

7.08E-18 

Hydrogen  Cyanide 

6.99E-14 

NE 

6.99E- 14 

Iron 

5.19E-08 

NE 

5.19E-08 

Lead 

1.22E-09 

NE 

1.22E-09 

Lithium 

1.19E-10 

NE 

1 . 19E-10 

Magnesium 

1.55E-07 

NE 

1.55E-07 

Manganese 

6.69E-09 

NE 

6.69E-09 

Mercury 

1.08E-09 

NE 

1.08E-09 

Molybdenum 

1.20E-08 

NE 

1.20E-08 

Nickel 

3. 1 IE-08 

NE 

3.1  IE-08 

Phosphate 

3.62E-06 

NE 

3.62E-06 

Potassium 

1.23E-06 

NE 

1.23E-06 

Selenium 

9.98E-06 

NE 

9.98E-06 

Silicon 

1.72E-07 

NE 

1.72E-0 7 

Si Iver 

1.03E-07 

NE 

1.03E-07 

Sodium 

1.27E-04 

NE 

1.27E-04 

Strontium 

3.98E-11 

NE 

3.98E-11 

Thallium 

1.00E-08 

NE 

1.00E-08 

Tin 

8.77E-09 

NE 

8.77E-09 

Titanium 

6.63E-1 1 

NE 

6.63E-1 1 

Vanad i urn 

2.54E-09 

NE 

2.54E-09 

Yittrium 

2.32E-11 

NE 

2.32E-1 1 

Zinc 

1.77E-08 

NE 

1.77E-08 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 

5.12E-06 

NE 

5.12E-06 

Hydrogen  Chloride 

5.12E-06 

NA 

5.12E-06 

Hydrogen  Fluorides 

1.81E-07 

NA 

1.81E-07 

Nitric  Acid 

4.22E-06 

NA 

4.22E-06 

Nitrogen  Dioxide 

3.50E-05 

NA 

3.50E-05 

Particulate  Matter 

1.51E-05 

NA 

1 .5  IE-05 

Sulfur  Dioxide 

2.65E-05 

NA 

2.65E-05 

Sulfuric  Acid  Mist 

1.12E-05 

NA 

1.12E-05 

NA  =  Not  applicable 
NE  =  Not  evaluted 
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Daily  Intake  (mg/kg/day) 


Pollutant _ 

ORGANICS 
Acetone 
Acetonitri le 
Acrylonitri le 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic  Acid 
Benzonitri le 
Biphenyl 
Bromome  thane 
Carbazole 

Carbon  Tetrachloride 
Chlorobenzene 
4-Ch lorobiphenyl 
4, 4-Ch lorobiphenyl 
Chloroform 

4-Chlorophenylmethylsulfone 
4- Ch l or opheny l methy l su l f ox i de 

P# p-DDE 

p,p-DDT 

Di benzofuran 

Di chlorobenzenes  (total) 


Inhalation 


2.61E-17 

1 -59E-15 

1.59E-16 

1.66E-17 

3.74E-18 

3.45E-13 

3.40E-13 

6.61E- 13 

1.67E-13 

1.59E-16 

1.66E-13 

3.31E-14 

3 . 1 8E - 1 7 

1.05E-16 

8.17E-14 

1.92E-13 

2.51E-15 

1.67E-17 

6. 13E-17 

2.28E-16 

2.80E-14 

5.60E-18 

3.30E-14 

5.95E- 17 


Breast  Milk 
Ingestion 


4.54E- 19 

5.08E-14 

4.9QE-19 

4.31E-16 

1.08E-17 

1.19E-12 

3.93E-16 

2.35E-12 

5.37E-13 

5.39E-16 

4.08E- 13 

5.75E- 16 

1.02E-16 

1.83E-18 

1.42E-15 

5.62E-13 

7.55E-15 

2.90E-19 

1 -93E-16 

7.25E-16 

7.35E-14 

1.12E-17 

9.96E-14 


2.66E-17 

5.24E-14 

1.59E-16 

4.48E-16 

1.45E-17 

1 .54E-12 

3.40E-13 

3.01E-12 

7.04E-13 

6.98E-16 

5.73E-13 

3.37E-14 

1.34E-16 

1.07E-16 

8.32E-14 

7.53E-13 

1.01E-14 

1.70E-17 

2.54E-16 

9.54E-16 

1 -01E-13 

1.68E-17 

1.33E-13 


1 ,4-Di chlorobenzene 

3.76E-18 

6.53E-20 

3.83E-18 

1 , 1  -D ich loroethene 

9.26E-17 

1.61E-18 

9.42E-17 

1 #2-D ich loroethene 

6.44E-17 

1.12E-18 

6.55E-17 

1 , 2-Dichloropropane 

7.50E-18 

1 .30E- 19 

7.63E- 18 

Dieldrin 

3.45E-18 

2.56E-16 

2.60E-16 

Di isopropyl  Methylphosphonate 

6.07E-16 

1.87E-15 

2.48E-15 

1 , 3-Dimethyl benzene 

6.61E-14 

2.16E-13 

2.82E-13 

Dimethyldisulf ide 

1.68E-15 

4.14E-15 

5.82E-15 

Dimethyl  Methylphosphonate 

1.45E-14 

5.59E-14 

7.04E-14 

Dimethyl phosphate 

3.97E-15 

1.02E-14 

1.41E-14 

Dioxins/Furans  (EPA  TEFs) 

1.01E-14 

2.61E-13 

2 . 71 E  - 1 3 

Dithiane 

6.07E-19 

2.72E-18 

3.32E-18 

Endrin 

3.36E-18 

8.71E-18 

1 . 21E-17 

Ethylbenzene 

9.93E-14 

1 -72E-15 

1 -01E-13 

Hexach l orobenzene 

1.13E-15 

8.45E- 16 

1.97E-15 

Hexach lorocyclopentadiene 

3. 13E-17 

3.17E-16 

3.48E-16 

Isodr  in 

8.85E-18 

3.56E-16 

3.65E-16 

Ma lath  ion 

1.35E-17 

3.83E- 1 7 

5. 19E-17 

Methanol 

3.84E-13 

6.37E-12 

6.76E-12 

Methyl  Chloride 

3.31E-13 

5.75E-15 

3.37E-13 

Methylene  Chloride 

3.31E-14 

5.75E-16 

3.37E-14 

4-Ni trophenol 

1.40E-16 

4.75E-16 

6.14E-16 

PAHs 

Acenaphthalene 

1.66E-13 

6.1 4E - 13 

7.80E-13 

Acenaphthene 

1.66E-13 

5.Q6E-13 

6.71E-13 

Benzo(a)pyrene 

3.30E-14 

1.29E-13 

1 -62E-13 

Chrysene 

3.30E-14 

1.02E-13 

1.35E-13 

D i benzo( a , h ) ant h racene 

3.30E-14 

1.64E-13 

1.97E-13 

Fluoranthene 

9.93E-14 

2.94E-13 

3.93E-13 

Fluorene 

3.30E-14 

1.07E-13 

1.40E-13 

Phenanthrene 

6.61E-14 

1.86E-13 

2.52E-13 

Pyrene 

3.30E-14 

9.51E-14 

1.28E-13 

Parathion 

1.86E-18 

5.74E-18 

7.60E-18 

Pentach l orobenzene 

5.05E-16 

4.45E-16 

9.50E-16 

Phenol 

1.79E-12 

1  •  1 1E-13 

1.90E-12 

Pyridine 

1.59E-17 

3.91E- 17 

5.50E-17 

Quinol ine 

7.90E-17 

3.45E-16 

4.24E-16 

Styrene 

3.32E-13 

5.76E-15 

3.37E- 13 
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Table  8-20 
(continued) 


Supona 

5.60E-18 

1.73E-17 

2.29E-17 

Tetrachlorobenzene 

2.13E-16 

2.67E-16 

4.79E-16 

Tetrachloroethene 

1.32E-15 

2.29E-17 

1.34E-15 

Toluene 

1.66E-13 

4.79E-16 

1.66E-13 

Tri chlorobenzene 

1.12E-16 

7.20E-17 

1.84E-16 

Trichloroethene 

2.03E-16 

3-52E-18 

2.06E-16 

Urea 

2.43E-12 

5.58E-10 

5.61E-10 

Vapona 

1.49E-17 

5.27E-17 

6.76E-17 

Vinyl  Chloride 

3.31E-13 

5.75E-15 

3.37E-13 

Xylene 

6.61E-14 

3.83E-17 

6.62E-14 

INORGANICS 

Aluminum 

4.38E-08 

NE 

4.38E-08 

Ammonia 

7.90E-09 

NE 

7.90E-09 

Ant i mony 

1.54E-09 

NE 

1.54E-09 

Arsenic 

8.71E-09 

NE 

8.71E-09 

Barium 

2.13E-09 

NE 

2.13E-09 

Beryllium 

8.92E-11 

NE 

8.92E-1 1 

Boron 

6. 5  IE-08 

NE 

6. 51 E- 08 

Cadmium 

2.54E-10 

NE 

2.54E-10 

Calcium 

3.74E-07 

NE 

3.74E-07 

Chromium  (III) 

5.79E-10 

NE 

5.79E-10 

Chromium  (VI) 

2.04E-1 1 

NE 

2.04E-1 1 

Cobalt 

1.92E-09 

NE 

1.92E-09 

Copper 

8.17E-06 

NE 

8.17E-06 

Cyanogen 

1.59E-17 

NE 

1.59E-17 

Hydrogen  Cyanide 

1.57E-13 

NE 

1.57E-13 

I  ron 

1.16E-07 

NE 

1.16E-07 

Lead 

2.74E-09 

NE 

2.74E-09 

lithium 

2.68E-10 

NE 

2.68E-10 

Magnesium 

3.47E-07 

NE 

3.47E-07 

Manganese 

1.50E-08 

NE 

1.50E-08 

Mercury 

2.41E-09 

NE 

2.41E-09 

Molybdenum 

2.68E-08 

NE 

2.68E-08 

Nickel 

6.96E-08 

NE 

6.96E-08 

Phosphate 

8. 1 IE-06 

NE 

8. 1 1E-06 

Potassium 

2.76E-06 

NE 

2.76E-06 

Selenium 

2.24E-05 

NE 

2.24E-05 

Si l icon 

3.85E-07 

NE 

3.85E-07 

Si Iver 

2.32E-07 

NE 

2.32E-07 

Sodiun 

2.84E-04 

NE 

2.84E-04 

Strontium 

8.92E-11 

NE 

8.92E-11 

Thallium 

2.25E-08 

NE 

2.25E-08 

Tin 

1.97E-08 

NE 

1.97E-08 

Titanium 

1.49E-10 

NE 

1.49E-10 

Vanadium 

5.69E-09 

NE 

5.69E-09 

Yittrium 

5.20E-1 1 

NE 

5.20E-11 

Zinc 

3.96E-08 

NE 

3.96E-08 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 

1.15E-05 

NE 

1.15E-05 

Hydrogen  Chloride 

1.15E-05 

NA 

1.15E-05 

Hydrogen  Fluorides 

4.05E-07 

NA 

4.05E-07 

Nitric  Acid 

9.46E-06 

NA 

9.46E-06 

Nitrogen  Dioxide 

7.84E-05 

NA 

7.84E-05 

Particulate  Matter 

3.38E-05 

NA 

3.38E-05 

Sulfur  Dioxide 

5.94E-05 

NA 

5.94E-05 

Sulfuric  Acid  Mist 

2.50E-05 

NA 

2.50E-05 

NA  =  Not  applicable 
NE  =  Not  evaluted 
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SECTION  9 


TOXICITY  ASSESSMENT 


9.1  INTRODUCTION 


The  purpose  of  the  human  health  toxicity  assessment  is  to  assign  "toxicity  values"  to  each 
pollutant  evaluated  in  a  human  health  risk  assessment.  The  toxicity  values  are  then  used 
in  combination  with  the  potential  dose  to  which  a  human  could  be  exposed  (Section  8)  to 


evaluate  the  potential  human  health  risks  associated  witfythe  pollutant  (Section  10).  Where 
available,  current  human  health  toxicity  values  devep|bd;.by  the  EPA  (cancer  slope  factors 
and  reference  doses)  have  been  used.  If  EPAapdcity  v®|s  were  not  available,  toxicity 
values  derived  in  EPA-approved  risk  assessme^  Wil^  utilized.  Finally,  if  values  could  not 
be  found  in  these  documents,  the  toxicify  values  were  derived  from  existing  toxicity 
information  or  health-based  standards  u^'ffg^iures  established  by  EPA  (EPA,  1990) 
or  WESTON.  .*@11:  W 


Based  on  emissions 


from  tepiiburh^llpnducted  by  T-Thermal,  Inc.,  in  Conshohocken, 
Pennsylvania,  and  waste  s^|m  datl|rom  the  RMA  site,  a  list  of  chemicals  to  be  evaluated 
was  established  (Section  5).  Tlese^^iemicals  were  then  screened  in  the  pollutant/pathways 
analysis  (Section  7).  Based  on  the1  specific  pathways  to  which  each  chemical  was  assigned, 
the  route-specific  toxicity  criteria  was  determined. 


92  CARCINOGENIC  AND  NONCARCINOGENIC  RISK-BASED  TOXICITY  VALUES 

In  evaluating  potential  health  risks,  both  carcinogenic  and  noncarcinogenic  health  effects 
must  be  considered.  The  potential  for  producing  carcinogenic  effects  is  limited  to 
substances  that  have  been  shown  to  be  carcinogenic  in  animals  and/or  humans.  Excessive 
exposure  to  all  pollutants,  carcinogens  and  noncarcinogens,  can  produce  adverse 
noncarcinogenic  health  effects.  Therefore,  it  is  necessary  to  identify  and  select  noncancer 
toxicity  values  (reference  doses)  for  each  contaminant  selected  for  evaluation  and  to  identify 
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and  select  cancer  toxicity  values  (cancer  slope  factors)  for  those  chemicals  that  show 
evidence  of  carcinogenic  activity. 

92.1  Carcinogenic  Risk-Based  Toxicity  Values 


The  toxicity  values  that  were  used  in  the  evaluation  of  carcinogenic  risks  in  Section  10  are 
carcinogenic  slope  factors  developed  by  EPA  (1990).  It  is  assumed  by  EPA  in  developing 
carcinogenic  slope  factors  that  the  risk  of  cancer  is  linearly  related  to  dose.  This  means  that 
even  if  all  of  the  cancer  data  obtained  from  laboratory  animals  or  epidemiological  studies 
are  for  relatively  high  doses,  it  is  conservatively  asstfjfied  that  these  high  doses  can  be 
extrapolated  down  to  extremely  small  doses,  with  jflhfeincremental  risk  of  cancer  always 
remaining.  Figure  9-1  illustrates  this  approac^pfhis  "riblihtreshold"  theory  assumes  that 
even  a  small  number  of  molecules  (possibly  d^nglpnolecule)  of  a  carcinogen  may  cause 
changes  in  a  single  cell  that  could  result  ia  the  celriiyiding  in  an  uncontrolled  manner  and 
eventually  lead  to  cancer.  The  slope  derived  by  EPA  using  a  linearized 

multistage  model  and  reflect  the  up|)i||bouS{fimit  of  the  cancer  potency  of  any  chemical. 
As  a  result,  the  calculated  carcin^mgpsii^-iiikely  to  represent  a  plausible  upper  limit  to 
the  risk.  The  actual  risk  is  ^kyp^pilut  is  likely  to  be  lower  than  the  predicted  risk,  and 
may  be  even  as  low  as  zetrillEP^IISba;  1989). 


There  is  some  dispute  as  to  whether  the  extrapolation  from  high  to  low  doses  is  a  realistic 
approach.  It  has  been  argued  that  at  low  doses  cells  may  have  the  ability  to  detoxify 
carcinogens  or  repair  cellular  damage.  Although  it  is  important  to  recognize  the  possibility 
that  some  carcinogens  may  have  a  threshold  for  toxicity,  this  argument  is  not  relevant  to  this 
analysis.  It  is  important  that  this  risk  assessment  use  the  same  EPA  approach  to  calculating 
carcinogenic  risk  as  other  risk  assessments.  In  this  way,  predicted  risks  for  all  scenarios  and 
for  all  sites  can  be  compared. 
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FREQUENCY  OF  OCCURRENCE  OF  CANCER 
(LOGARITHMIC  SCALE) 


FIGURE  9-1  HYPOTHETICAL  DOSE-RESPONSE  CURVE  FOR  A  "NO 
THRESHOLD"  OR  CARCINOGENIC  CHEMICAL 
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9.2.2  Noncarcinogenic  Risk-Based  Toxicity  Values 


The  toxicity  values  used  to  evaluate  the  potential  for  noncarcinogenic  health  effects  are 
generically  referred  to  in  this  document  as  reference  doses  (RfDs).  Unlike  the  approach 
used  in  evaluating  carcinogenic  risk,  it  is  assumed  that  a  threshold  dose  exists  below  which 
there  is  no  potential  for  toxicity.  The  term  RfD  was  developed  by  EPA  to  refer  to  a  daily 
intake  of  a  chemical  to  which  an  individual  can  be  exposed  without  any  expectation  of 


noncarcinogenic  adverse  health  effects  occurring  (e.g.,  organ  damage,  biochemical 
alterations,  birth  defects).  The  term  is  used  in  this  assessment  to  apply  to  any  established 


or  derived  toxicity  value  fitting  this  description.  In  general  terms,  the  RfD  is  derived  from 
a  NOAEL  (no-observed-adverse-effect  level)  or  Ijl|lEL  (lowest-observed-adverse-effect 
level)  obtained  from  animal  studies  by  the  agpcation^listandard  order-of-magnitude 
uncertainty  factors,  and  in  certain  cases,  anff|diilhal  modifying  factor  to  account  for 
professional  assessment  of  scientific  unccrtaintief^ithe  available  data  (EPA,  1989). 

A  "no-observed-adverse-effect  levc||l|pXi^'is  that  dose  of  chemical  at  which  no  toxic 
effects  are  observed  in  any  of  tfcjf|st ,spj||&f  The  study  chosen  to  establish  the  NOAEL 
is  based  on  the  criterion  tha^tifeM^xf^ured  toxic  endpoint  represents  the  most  sensitive 
target  organ  or  tissue  (i.ejp£ritic^i;i^rgah)  to  that  chemical.  Since  many  chemicals  can 
produce  toxic  effects  on  systems,  with  each  toxic  effect  possibly  having  a 

separate  threshold  dose,  the  distinction  of  the  "critical"  toxic  effect  provides  added 


confidence  that  the  NOAEL  is  protective  of  human  health.  Figure  9-2  illustrates  this 
threshold  theory.  A  variety  of  regulatory  agencies  have  used  the  threshold  approach  for 
noncarcinogenic  substances  in  the  development  of  health  effects  criteria,  such  as  worker- 
related  threshold  limit  values  (TLVs),  air  quality  standards,  FDA  food  additive  regulations, 
and  drinking  water  regulations. 


9.3  CANCER  SLOPE  FACTORS 

With  the  exceptions  of  lead  and  parathion,  all  chemicals  in  the  study  that  have  evidence  of 
carcinogenicity  in  animals  and/or  humans  and  are  classified  as  carcinogens  by  EPA  (Groups 
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FIGURE  9-2  HYPOTHETICAL  DOSE-RESPONSE  CURVE  FOR  A 

"THRESHOLD"  OR  NONCARCINOGENIC  CHEMICAL 
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A,  B,  or  C)  and/or  the  International  Agency  for  Research  on  Cancer  (IARC)  (Groups  1, 
2A,  or  2B)  were  evaluated  for  potential  carcinogenic  risk  (CIS,  1988;  EPA,  1990).  The 
chemicals  that  have  been  categorized  as  carcinogens  and  their  EPA  and  IARC 
carcinogenicity  classifications  are  presented  in  Table  9-1.  An  explanation  of  the  EPA  and 
IARC  carcinogenicity  classification  systems  is  presented  in  Table  9-2. 


Although  lead  is  classified  by  the  EPA  (1990)  as  a  carcinogen  (Group  B2),  EPA 
recommends  that  its  carcinogenicity  not  be  quantitated  for  the  purpose  of  risk  assessment 
because  of  the  uncertainty  of  its  carcinogenic  potency.  In  addition,  EPA  has  stated  that  lead 
does  not  appear  to  be  a  potent  carcinogen  and  that  at  Jaw  doses  "the  non-cancer  effects  of 
lead  are  of  greatest  concern  for  regulatory  purposej|||||f  A,  1988).  There  are  currently  no 
EPA-derived  slope  factors  for  lead.  In  the  absgpe  of  jrl|pe  factor  for  lead,  it  was  not 
included  in  the  evaluation  of  potential  canceriB|k^i#;: 

The  potential  cancer  risk  posed  by  polycy®pli^|tie  hydrocarbons  (PAHs)  was  evaluated 
using  the  conservative  traditional  Emi$prd|ll,  which  assumes  that  all  carcinogenic  PAHs 
have  the  potency  of  benzo(a)pyr^pr|EPp|i|||§S;a).  EPA  is  currently  re-evaluating  the  slope 
factors  for  benzo(a)pyrene.  ..^i^h^l|isence  of  published  revised  values,  the  previously 
developed  factor  (EPA,  lSflfb)  waif-  ~ s' 


9.3.1  Oral  Route 


The  carcinogenic  potency  of  a  chemical  depends  on  its  route  of  entry  into  the  body.  In 
some  cases,  a  carcinogen  may  produce  tumors  only  at  or  near  a  specific  natural  route  of 
entry  (e.g.,  nasal  passages)  and  may  not  be  carcinogenic  through  other  exposure  routes. 
This  applies  to  several  of  the  evaluated  inorganic  pollutants,  including  cadmium,  chromium 
VI,  and  nickel  (EPA,  1990).  Therefore,  cancer  risk  was  not  calculated  for  these  metals 
through  the  oral  route.  Oral  slope  factors,  expressed  in  units  of  (mg/kg/day)'1  and/or  unit 
risk  factors,  expressed  in  units  of  (fig/ L)*1,  were  available  for  the  remaining  evaluated 
carcinogens.  A  slope  factor  was  calculated  from  the  unit  risk  factor  in  accordance  with  EPA 
guidance  (EPA,  1990)  if  a  slope  factor  was  unavailable. 
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932  Inhalation  Route 


The  carcinogenic  potency  of  inhalation  carcinogens  can  be  presented  as  a  slope  factor 
expressed  in  units  of  (mg/kg/day)'1,  or  as  a  unit  risk  factor  expressed  in  units  of  (jx g/m3)'1. 
These  values  can  be  interconverted  in  accordance  with  EPA  guidance  by  taking  into 
consideration  the  inhalation  of  20  m3  of  air/day  and  a  body  weight  of  70  kg  (EPA,  1990). 
In  Section  10,  the  potency  of  inhalation  carcinogens  expressed  as  the  slope  factor  [i.e., 
(mg/kg/day)'1]  was  used  in  conjunction  with  the  estimated  daily  intakes,  calculated  as 
administered  dose,  in  estimating  cancer  risk. 


Inhalation  slope  factors  were  available  for  some  of;;|pi|?grcinogens  selected  for  evaluation 
(EPA  1990).  For  the  few  organics  for  which  an  jflhlatiotf  i^pe  factor  was  unavailable,  the 
oral  slope  factor  was  used  to  evaluate  the  il|alaibn  pathway.  For  dioxins/furans  (as 
2,3,7,8-TCDD)  it  was  necessary  to  modify  die  slopS%etor  presented  by  EPA  and  for  arsenic 
it  was  necessaiy  to  recalculate  an  inhalatlfh'  sSj|||actor  from  the  unit  risk  factor. 

Both  the  unit  risk  factor  and  slof^ict§iii^|;l,7,8-TCDD  were  derived  by  EPA  from  the 
oral  slope  factor.  In  developi^lheliiiU.jrisk  factor,  EPA  has  incorporated  a  factor  of  0.75 
to  account  for  the  fractioii|^|;  inhailijparticles  retained  in  the  body.  The  agency,  however, 
did  not  adjust  the  inhalation  sl^e.lptor  (EPA  1985;  EPA  1990).  Because  the  fraction  of 
inhaled  particles  is  not  taken  into  account  elsewhere  in  the  report,  to  be  consistent  with  the 
approach  used  in  developing  the  unit  risk  factor,  the  inhalation  slope  factor  for  2,3,7,8- 
TCDD  (EPA  1990)  also  was  adjusted  (i.e.,  multiplied)  by  a  factor  of  0.75. 


Although  an  inhalation  slope  factor  was  available  for  arsenic,  the  factor  reflects  the  potency 
of  the  absorbed  dose  (EPA  1990).  In  this  evaluation,  the  dosages  that  were  calculated  for 
the  inhalation  pathway  were  expressed  as  an  administered  dose.  Therefore,  an  inhalation 
slope  factor  for  arsenic  was  derived  from  the  unit  risk  factor,  which  expresses  the  potency 
of  the  administered  dose. 
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Although  few  data  are  available  concerning  the  carcinogenic  activity  of  chemicals  that  are 
systemically  absorbed  through  dermal  exposure,  it  is  assumed  that  all  of  the  chemicals  that 
are  carcinogenic  through  the  oral  route  are  potentially  carcinogenic  through  the  dermal 
route.  Those  chemicals  that  are  categorized  as  being  carcinogenic  through  the  inhalation 
route  only  (i.e.,  cadmium,  chromium,  nickel)  were  not  addressed.  As  discussed  in 
Subsection  9.3.1,  these  metals  cause  tumors  at  the  site  of  exposure  (i.e.,  respiratory  tract). 
There  are  inadequate  data  to  associate  these  chemicals  with  systemic  tumors  as  a  result  of 
exposure  through  other  natural  exposure  routes  (i.e.,  qpl  or  dermal). 


In  the  absence  of  dermal  slope  factors  for  all  of  carcildfiens,  a  dermal  slope  factor  was 
derived  for  each  chemical  in  accordance  withn^^i^Idance  by  dividing  its  respective  oral 
slope  factor  by  an  appropriate  gastrointesdpal  aileron  factor  (EPA,  1989).  As  a  result, 
each  dermal  slope  factor  represents  then;jpti|p|M  the  absorbed  dermal  dose.  This  is 
consistent  with  the  approach  descyj|l||in  s|l|ection  9.4.3  for  calculating  intake  through 
dermal  exposure  in  which  the  es^patedlU^i^take  was  expressed  as  an  absorbed  dermal 
dose. 


Ideally,  each  oral  slope  factoP^ftili^ie  adjusted  by  a  gastrointestinal  absorption  factor  that 
corresponds  specifically  to  the  test  species/strain  and  the  vehicle  that  were  used  in  the 
studies  on  which  the  oral  slope  factor  was  based.  These  data  were  either  lacking  for  most 
of  the  chemicals  or  were,  at  best,  limited.  Therefore,  assumptions  were  made  regarding  the 
gastrointestinal  absorption  of  each  of  the  chemicals,  depending  on  their  general  chemical 
classification:  volatile  organic,  semi-volatile  organic,  or  inorganic.  The  assumptions  were 
based  on  available  information  for  substances  that  fall  into  these  categories  and  are 
expected  to  be  conservative.  Gastrointestinal  absorption  factors  of  90  percent  (0.90),  50 
percent  (0.50),  and  5  percent  (0.05)  were  assumed  for  volatile  organics,  semi-volatile 
organics,  and  inorganics,  respectively.  It  should  be  noted  that  the  lower  the  gastrointestinal 
absorption  factor,  the  more  conservative  the  toxicity  value  becomes. 
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Oral  toxicity  values  for  volatile  organics  are  commonly  based  on  data  from  oral  studies  in 
which  the  agent  is  administered  in  drinking  water  or  by  gavage,  or  are  extrapolated  from 
inhalation  toxicity  studies.  Absorption  through  these  routes  would  be  expected  to  be  close 
to  or  at  100  percent.  Assuming  the  possibility  of  less  than  total  absorption,  a  gastrointestinal 
absorption  factor  of  0.90  was  used  for  volatile  organics.  Oral  toxicity  values  for  semi-volatile 
organics  are  usually  derived  from  oral  studies  in  which  the  agent  is  administered  in  the  diet, 
by  gavage  or  by  capsule.  In  a  few  cases,  they  may  also  be  developed  from  inhalation  data. 
Semi-volatile  organics  are  also  expected  to  be  well  absorbed  (i.e.,  50  percent  or  greater). 
A  gastrointestinal  absorption  factor  of  50  percent  was  assumed  for  the  semi-volatiles.  This 
value  probably  best  approximates  absorption  through  .dietary  exposure  and  is  likely  to  be 
conservative  for  the  other  vehicles  (i.e.,  gavage  and  ^j^ile).  Metals,  in  general,  tend  to  be 

x-  x _ x  _  _ a _ 


poorly  absorbed  in  the  gastrointestinal  tract.  Hgpever,  als||ption  is  highly  dependent  on 
the  water  and  lipid  solubility  of  the  specific  form(s)  in  which  it  is  present.  An 

absorption  factor  of  5  percent  was  used  fer  metalSIiThis  value  corresponds  to  the  default 
value  suggested  by  EPA  for  cases  in  whici^ei!^t|pintestinal  absorption  of  a  substance  is 
not  known  (EPA  1989).  jfllll:  :'|||[ 


9.3.4  Summary  .iHSftJ 

zsiilliiiij  "iUiu: 

The  slope  factors  for  the  car ditt^enic  pollutants  are  presented  in  Table  9-1.  The  reference 
or  basis  for  each  of  the  slope  factors  is  indicated. 


9.4  REFERENCE  DOSES  FOR  NONCARCINOGENIC  EFFECTS 


RfDs  are  developed  for  specific  exposure  routes  (oral,  dermal,  inhalation)  and  also  are 
derived  for  chronic  exposures  and  subchronic  exposures  (defined  by  EPA  as  7  years  or 
longer  and  2  weeks  to  7  years,  respectively)(EPA  1989).  In  this  toxicity  assessment,  only 
chronic  reference  doses  were  employed  because  exposure  to  the  individual  is  assumed  to 
occur  over  a  lifetime.  Chronic  dermal  RfDs  had  to  be  derived  using  established  procedures 
because  EPA  has  not  yet  assigned  RfDs  for  chemicals  with  the  potential  for  dermal 
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exposures.  The  RfDs  used  in  this  toxicity  assessment  are  discussed,  by  exposure  route,  in 
the  subsections  that  follow. 

9.4.1  Oral  Route 


Establishing  oral  RfDs  was  a  step-by-step  process  based  on  setting  up  a  hierarchy  for  the 
available  information  as  follows: 


The  Integrated  Risk  Information  System  (IRIS,  1990)  computer  data  base  was 
searched  for  each  chemical.  All  reported|RfDs  found  were  used  since  these 
are  the  most  current  EPA-approved 


If  RfDs  were  not  available  on  Ilf|§,  thjP'Health  Effects  Assessment  Summary 
Tables  (HEAST)  (EPA,  1990)  wef&||psulted  for  each  chemical.  If  a  RfD 
was  located,  it  was  used  sin^|p^|ipibers  have  been  established  by  EPA’s 

Office  specifically  for  use  in  risk 


When  RfDsp/ere  no||available  through  EPA  sources,  several  recent  risk 
assessment  do^^gcj^^ritten  for  the  on-post  and  off-post  operable  units  of 
the  Rocky  Mountain' Arsenal  (Ebasco,  1990;  ESE  et  al.,  1989)  were  consulted. 
RfDs  had  previously  been  derived  for  some  chemicals  not  available  in  the 
EPA  databases/documents.  As  these  RfDs  were  already  approved  by  the 
EPA,  they  were  used  where  appropriate. 


4.  If  an  RfD  was  available  for  a  structurally-related  compound,  it  was  used. 

5.  All  other  RfDs  were  derived  by  WESTON’s  toxicologists.  See  Appendix  9-A 
for  the  RfD  derivations. 
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6.  There  were  no  toxicity  data  available  on  which  to  base  an  oral  R£D  for 
dibenzofuran. 

9.4.2  Inhalation  Route 

As  for  the  oral  route,  establishing  inhalation  RfDs  was  a  step-by-step  process  based  on 
developing  a  hierarchy  for  the  available  information  as  follows: 

1.  The  Integrated  Risk  Information  System  (IRIS,  1990)  computer  data  base  was 
searched  for  each  chemical.  All  RfDs  fepnd  were  used  since  these  are  the 
most  current  EPA  approved  RfDs. 

2.  If  RfDs  were  not  available  on  IRjjl,  thPHealth  Effects  Assessment  Summary 
Tables  fHEAST)  (EPA,  19.90)  werel|&nsulted  for  each  chemical.  If  a  RfD 
was  found,  it  was  used  sinci||ies^ittmbers  have  been  established  by  EPA’s 
Environmental  Criterjgiiad  All|||ment  Office  specifically  for  risk  assessments 
under  CERCLA  g|§.  R§^hiiites.  On  occasion,  a  HEAST  value  was 
presented  in  mg^m^rTlb.iollowing  equation  was  used  to  convert  the  value 
to  mg/kg/d|p|EPA^ni|§9j): 

" :i%fD  =  RfD  imp/m3l  x  20  (mVdav) 

70  kg 

3.  When  the  RfDs  were  not  available  through  EPA  sources,  several  recent  risk 
assessment  documents  written  for  the  on-post  and  off-post  operable  units  of 
the  RMA  (Ebasco,  1990;  ESE  et  al.,  1989)  were  consulted.  RfDs  had 
previously  been  derived  RfDs  for  some  chemicals  not  available  in  the  EPA 
databases/documents.  As  these  RfDs  were  already  approved  by  the  EPA, 
they  were  used  as  reference  doses  where  appropriate. 
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4.  If  an  annual  National  Ambient  Air  Quality  Standard  (NAAQS)  was  available 
for  a  pollutant,  it  was  converted  into  a  RfD. 


5. 


6. 


7. 


8. 


Occupational  Exposure  Limits  (OELs)  were  used  next  to  calculate  inhalation 
RfDs.  The  OELs  that  were  considered  included  the  American  Conference  of 
Governmental  Industrial  Hygienists  Threshold  Limit  Values  (TLVs)(ACGIH, 
1990),  the  Occupational  Safety  and  Health  Administration  (OSHA) 
Permissible  Exposure  Limit  (PEL)(DOL,  1989)  and  the  National  Institute  for 
Occupational  Safety  and  Health  (NIOSH)  Recommended  Exposure  Limit 


(REL)  (CDC,  1988). 


If  both  a  short  term  NAAQS  and  Jf  OEL  Wele^available  for  a  chemical,  the 
most  conservative  derived  inha^p.npiD  was  used. 


For  the  remaining  organidilpu^^ly  ’the  chronic  oral  RfD  was  used,  by 
default,  as  the  chronicji^ijalatipi  RfD.  For  the  derivation  of  the  inorganic 
pollutant  lithium,  differ  td|^l|ehdix  9B. 

There  were  j||eral  chijpicals  for  which  there  were  insufficient  data  to  derive 
an  inhalation  RlD^^JThese  included  dibenzofuran,  phosphate,  potassium, 
sodium  and  strontiiirn. 


9.4.2. 1  The  Use  of  OELs  and  NAAOSs 


It  is  recognized  that  there  are  several  factors  that  limit  the  usefulness  of  occupational 
guidelines  in  the  derivation  of  RfDs.  OELs  are  intended  to  protect  healthy  workers  from 
adverse  health  effects  when  exposed  to  a  chemical  in  the  workplace  over  a  40-hour  work 
week.  Inhalation  RfDs  are  intended  to  protect  the  general  population,  including  sensitive 
sub-populations,  based  on  a  continuous  exposure.  Furthermore,  OELs  are  derived  by 
consensus  as  opposed  to  a  procedure  that  incorporates  standard  uncertainty  factors 
according  to  the  nature  of  the  toxicological  database  from  which  the  RfD  is  derived.  OELs 
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also  may  be  based  on  toxic  endpoints  other  than  chronic  noncarcinogenic  health  effects  (e.g., 
irritation  and  odor). 


In  consideration  of  the  limitations  of  the  OELs,  an  equation  was  developed  to  derive 
inhalation  RfDs  from  OELs,  incorporating  uncertainty  factors  to  account  for  potential 
continuity  of  exposure  and  variability  in  human  sensitivity.  In  addition,  the  data  and/or 
toxic  endpoint  for  each  of  the  applicable  OELs  were  reviewed  to  ensure  that  the  OEL  was 
suitable  to  serve  as  the  basis  for  a  chronic  inhalation  RfD  (ACGIH,  1986;  CDC,  1988;  DOL, 


1989).  For  each  chemical,  the  most  conservative  OEL  that  has  been  developed,  and  which 
is  based  on,  or  protective  against,  noncarcinogenic  effects,  was  used  to  derive  the  inhalation 
RfD.  The  equation  and  assumptions  that  were  uplitq  calculate  inhalation  RfDs  from 
OELs  are  presented  in  Table  9-3.  The  apprqjpi  is  co§||$ent  with  EPA  guidelines  for 
deriving  an  RfD  from  a  NOAEL  (EPA,  1 989)|!ThiPquation  calculates  a  daily  dose  to  an 
exposed  worker,  normalized  over  a  7-day;;;exposup||period  (i.e.,  the  NOAEL),  and  adjusts 
the  dose  by  an  uncertainty  factor  of  lWp";^^|jjito  account  human  variability  and  a 
modifying  factor  of  10  to  account  |0|iiQntifli|ps  daily  exposure. 


NAAQSs  include  primary  st^daids/^^ch  are  ambient  air  quality  standards,  that  are  judged 
to  be  protective  of  publ§:1iealtlii|fith  an  adequate  margin  of  safety,  and  secondary 


standards,  which  are  intendedl||ipjEipect  the  public  welfare  from  any  adverse  effects  (EPA, 
1987). 


If  an  annual  average  NAAQS  was  available  for  a  pollutant,  it  was  used  in  preference  to  an 
OEL  as  a  basis  for  the  inhalation  RfD,  because  an  annual  average  NAAQS  is  developed 
to  protect  the  general  population,  not  just  workers,  over  a  long-term  exposure  period. 
Subsequently,  the  inhalation  RfD  for  particulate  matter,  sulfur  dioxide,  and  nitrogen  oxides 
were  calculated  from  the  respective  NAAQS  expressed  as  an  annual  arithmetic  mean, 
assuming  an  inhalation  rate  of  20  m3/day  and  a  body  weight  of  70  kg.  If  only  a  short-term 
(i.e.,  less  than  annual)  NAAQS  was  available,  RfDs  were  derived  using  both  the  short-term 
value  and  the  OEL,  and  the  most  conservative  value  was  used.  A  short-term  NAAQS  and 
OEL  were  both  available  for  carbon  monoxide.  The  lowest  derived  RfD,  4.08E-02 
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mg/kg/day,  was  calculated  based  on  an  OEL,  an  REL  of  40  mg/m3  (CDC,  1988).  The 
NAAQS  for  carbon  monoxide  represents  an  8-hour  average.  Assuming  the  inhalation  of  20 
m3  of  air/day  and  a  body  weight  of  70  kg,  and  applying  a  modifying  factor  of  10  to 
extrapolate  from  a  short-term  criterion  to  a  long-term  criterion,  an  RfD  of  2.86E-01 
mg/kg/day  was  obtained  based  on  the  NAAQS.  The  lowest  calculated  value,  which  was 
that  based  on  the  OEL,  was  used. 


In  the  absence  of  an  OEL  (or  an  NAAQS)  forjitoxins/furans,  the  oral  RfD  for 
dioxins/furans  (see  Subsection  9.4.2)  was  used  asj§l|hasis  for  the  inhalation  RfD.  As 
previously  discussed  in  Subsection  9.3.1,  EPAjjft)  hl||imilarly  based  the  inhalation 
potency  factor  for  2,3,7,8-TCDD  on  the  oral|||9tei|ly  factor  indicating  that  its  toxicity  is 
presumed  to  be  the  same  through  both  thg,pral  ift||iphalation  routes.  Comparable  to  the 
approach  used  in  deriving  the  inhalation;ij^ie^||etor,  the  inhalation  RfD  was  adjusted  - 
for  the  fraction  of  inhaled  particle^pUjvidi^the  oral  RfD  by  75  percent. 


9.4.3  Dermal  Route 


No  RfDs  have  been  developeli||Ef|^  for  the  dermal  route.  Therefore,  dermal  RfDs  were 
derived  for  the  chemicals  of  concern  in  accordance  with  EPA  guidelines  (EPA,  1989). 
Chronic  dermal  RfDs  were  derived  by  multiplying  the  values  used  as  the  chronic  oral  RfDs 


by  appropriate  gastrointestinal  absorption  factors.  The  absorption  factors  that  were  used 
in  deriving  the  dermal  RfDs  were  the  same  as  those  used  in  deriving  the  dermal  slope 
factors  (see  Subsection  9.3.3).  Gastrointestinal  absorption  factors  of  90  percent  (0.90),  50 
percent  (0.50),  and  5  percent  (0.05)  were  assumed  for  volatile  organics,  semi-volatile 
organics,  and  inorganics,  respectively. 


The  RfDs  that  were  used  in  the  evaluation  of  noncarcinogenic  risk  are  presented  in  Table 
9-4.  The  source  or  basis  of  each  of  the  RfDs  is  also  indicated.  No  toxicity  information  was 
available  for  dibenzofuran;  therefore,  RfDs  could  not  be  derived  for  any  route  of  exposure. 


533C/S9 


9-14 


1/21/91 


9.4.4  Summary 


This  section  presents  the  sources  of  information  and  methods  used  to  determine  chronic 
toxicity  criteria  for  carcinogens  and  noncarcinogens.  Tables  9-3  and  9-4  summarize  the 
carcinogenic  slope  factors  and  reference  doses  for  noncarcinogenic  effects,  respectively.  As 
there  were  a  number  of  chemicals  for  which  EPA  has  not  derived  reference  doses  by  certain 
routes  of  exposure,  detailed  discussions  of  the  toxicity  studies  and  uncertainty  factors  applied 
to  derive  the  RfDs  were  presented  in  this  section  and  in  Appendices  9A  and  9B. 
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Rocky  Mountain  Arsenal  (RMA) 

Slope  Factors  for  Carcinogenic  Health  Effects  (mg/kg/day)1 


Dermal 

Route 

Slope 

Factor 

NC  (v) 

3.40E+01  (sv) 

NC  (v) 

4.00E-02  (sv) 

NC(v) 

NC  (v) 

6.80E-01  (sv) 

6.80E-01  (sv) 

NC  (v) 

NC  (v) 

O 

2 

3.20E+01  (sv) 

3.00E+05  (sv) 

3.20E+00  (sv) 

Reference  or 
Basis  of 
Oral  Slope 
Factor 

IRIS,  1990 

IRIS,  1990 

IRIS,  1990 

EBASCO, 

1990 

IRIS,  1990 

IRIS,  1990 

IRIS,  1990 

IRIS,  1990 

EPA,  1990 

IRIS,  1990 

EPA,  1990 

IRIS,  1990 

EPA,  1990 

EPA,  1990 

Oral 

Route 

Slope 

Factor 

5.40E-01 

1.70E  +  01 

2.90E-02 

2.00E-02 

1.30E-01 

o 

W 

o 

rH 

VQ:': 

t-H 

9 

3.40E-01 

2.40E-02 

6.00E-01 

6.80E-02 

T0+309T 

8 

+ 

w 

3 

rH 

00+309‘T 

Reference  or 
Basis  of 
Inhalation 
Slope  Factor 

IRIS,  1990 

IRIS,  1990 

IRIS,  1990 

fc 

GO 

O  ’ 

§t& 

m 

l—C' 

m 

11 

00 

O 

rH 

00* 

2 

OSF 

IRIS,  1990 

OSF 

IRIS,  1990 

EPA,  1990 

EPA,  1990 

Inhalation 

Route 

Slope  Factor 

2.40E-01 

rH 

O 

4ft 

•  s: 

CSj: 

fS'Hl$i: 

O 

|w  1 

fS 

;■  »H 

Jilt**** 

Is 

o 

W 

o 

rH 

00 

3.40E-01 

3.40E-01 

2.40E-02 

1.20E+00 

6.80E-02 

T0+309T 

1.13E+05* 

1.60E+00 

IARC 

Carcinogenicity 

Classification 

.jlpp 

^  • 

\ww-< 

ro 

CQ 

(N 

CQ 

CS 

NL 

CQ 

(S 

CQ 

<s 

CO 

CO 

CQ 

cs 

CQ 

cs 

EPA 

Carcinogenicity 

Classification 

t-H 

m 

(N 

CQ 

< 

CS 

CO 

(N 

CO 

cs 

CQ 

(N 

CQ 

<N 

CQ 

cs 

CQ 

U 

(S 

CQ 

cs 

CQ 

(N 

CQ 

cs 

CQ 

Pollutant 

Organics 

Acrylonitrile 

Aldrin 

Benzene 

Carbazole 

Carbon  Tetrachloride 

Chloroform 

DDE 

DDT 

1,4-Dichlorobenzene 

1, 1-Dichloroethene 

1,2-Dichloropropane 

Dieldrin 

Dioxins/Furans  (as  2, 3, 7, 8 
TCDD) 

Hexachlorobenzene 
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Table  9-1 
(continued) 


Dermal 

Route 

Slope 

Factor 

NC  (v) 

NC  (v) 

i 

i 

i 

2.30E+01  (sv) 

2.30E+01  (sv) 

2.30E+01  (sv) 

1 

• 

2.40E  +  01  (sv) 

NC  (v) 

NC  (v) 

NC  (v) 

5.80E-01  (sv) 

NC  (v) 

3.50E+01  (i) 

8.60E+01  (i) 

NC  (i) 

O 

Z 

Reference  or 
Basis  of 
Oral  Slope 
Factor 

EPA,  1990 

EPA,  1990 

i 

• 

EPA,  1986 

EPA,  1986 

EPA,  1986 

NSF 

EPA,  1990 

EPA,  1990 

EPA,  1990 

EPA,  1990 

IRIS,  1990 

EPA,  1990 

EPA,  1990 

IRIS,  1990 

i 

i 

1 

Oral 

Route 

Slope 

Factor 

130E-02 

7.50E-03 

• 

• 

1.15E+01 

r> 

fH 

o 

+ 

W 

v) 

rH 

rH 

■£-1 

O 

+ 

w 

rH 

rH 

NSF 

1.20E  +  01 

S 

W 

8 

ri: 

S 

.W 

m 

1.10E-02 

2.90E-01 

2.30E+00 

1.75E+00 

4.30E+00 

NC 

NC 

Reference  or 
Basis  of 
Inhalation 
Slope  Factor 

EPA,  1990 

EPA,  1990 

i 

• 

EPA,  1986 

EPA,  1986 

rH 

£ 

w;5i 

i 

t:: 

i  * 

i 

.l$i' 

ll 

■  ^ 

£ 

UJ 

^H 

£ 

w 

OSF 

EPA,  1990 

IRIS,  1990 

IRIS,  1990 

IRIS,  1990 

IRIS,  1990 

Inhalation 

Route 

Slope  Factor 

6.30E-03 

1.40E-02 

• 

• 

■ 

8 

+ 

W,i 

o.- 

m 

\f3:i 

:|l 

vM 

y  O 

1 

k 

rH 

8 

w 

8 

ci 

3.30E-03 

o 

w 

o 

rH 

rH 

2.90E-01 

TJ 

rH 

o 

W 

o\ 

c4 

(i 

rH 

o 

+ 

CQ 

o 

wo 

rH 

8.40E+00 

6.10E+00 

4.10E  +  01 

IARC 

Carcinogenicity 

Classification 

ro 

CQ 

cs 

g 

2A  «=* 

CO 

NCL 

CQ 

(N 

CQ 

<N 

ro 

rH 

rH 

S 

S 

rH 

EPA 

Carcinogenicity 

Classification 

o 

(N 

CQ 

i 

i 

i 

<N 

CQ 

(N 

CQ 

U 

u 

(N 

CQ 

CQ 

<N 

CQ 

<N 

CQ 

C 

< 

(N 

CQ 

CQ 

< 

Pollutant 

Methyl  Chloride 

Methylene  Chloride 

PAHs 

Benzo[a]pyrene 

Chrysene 

u 

QJ 

c 

<D 

<t3 

Ut 

a 

CtJ 

j£ 

o 

a 

V 

X 

s 

Parathion 

Quinoline 

Styrene 

Tetrachloroethene 

Trichloroethene 

Vapona 

Vinyl  Chloride 

Inorganics 

Arsenic 

Beryllium 

Cadmium 

Chromium  (VI) 
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Table  9-2 


EPA  and  IARC  Categorizations  of  Carcinogens 
Based  on  Human  and  Animal  Evidence 


EPA  Categorization  of  Carcinogens  (EPA,  1986b) 


Animal  Evidence 


Sufficient 

Limited 

Inadequate 

No  Data 

No 

Evidence 

Human  Evidence 

jilt 

Sufficient 

A 

A 

A 

A 

A 

Limited 

B1 

1)1 

JLlX  .  ;:!!!*■■ 

B1 

B1 

B1 

Inadequate 

B2 

,,c  ^ 

lit:.  D 

D 

D 

No  data 

B2 

"Sal 

Up"  D 

D 

E 

No  evidence 

B2 

gSjj:  C'HK 

D 

D 

E 

Group  A  -  Human  carcinogen  from  epidemiological  studies). 

Group  B1  -  Probable  human  caro^pn  (atjpast  limited  evidence  of  carcinogenicity  to  humans). 

Group  B2  -  Probable  human  carcinogens  combination  of  sufficient  evidence  in  animals  and  inadequate  data 
in  humans). 

Group  C  -  Possible  human  carcinogen  (limited  evidence  in  animals  in  the  absence  of  human  data). 

Group  D  -  Not  classified  (inadequate  animal  and  human  data). 

Group  E  -  No  evidence  for  carcinogenicity  (no  evidence  for  carcinogenicity  in  at  least  two  adequate  animal 
tests  in  different  species,  or  in  both  epidemiological  and  animal  studies). 
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Table  9-2 

(continued) 


IARC  Categorization  of  Carcinogens  (WHO,  1987) 


Group  1  -  Human  carcinogen  (sufficient  evidence  of  carcinogenicity  in  humans). 

Group  2A  -  Probable  human  carcinogen  (limited  evidence  of  carcinogenicity  in  humans  and  sufficient  evidence 
of  carcinogenicity  in  experimental  animals), 

Group  2B  -  Possible  human  carcinogen  (limited  evidence  of  carcinogenicity  in  humans  and  insufficient  evidence 
of  carcinogenicity  in  experimental  animals;  insufficient  evidence  of  carcinogenicity  in  humans  and 
sufficient  evidence  of  carcinogenicity  in  experimental  animals;  or  insufficient  evidence  of 
carcinogenicity  in  humans  and  limited  evidence  of  carcinogenicity  in  experimental  animals,  with 
supporting  evidence  from  other  relevant  data). 

Group  3  -  Not  classifiable  (substances  in  this  category  do  Befall  iitili&feny  other  category). 

Group  4  -  Probably  not  carcinogenic  to  humans. 
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Table  9-3 


Inhalation 

RfD 

(mg/kg/day)  = 


Where: 

Inhalation  = 
RfD 

OEL 

Air  breathed  = 
per  work  day 

Work  week  - 

adjustment 

factor 

Body  weight  = 

Uncertainty  = 
factor 


Approach  to  Deriving  an  Inhalation  Reference 
Dose  (RfD)  from  an  Occupational  Exposure  Limit  (OEL) 


OEL 

(mg/m3)  x 


Air  breathed  Work  week 

per  work  day  x  adjustment 
(m3/day)  factor 


Body  weight  (kg)  x  Uncertainty  factor 


Inhalation  reference  dose. 


Occupational  exposure  limit. 

10  cu  m.  This  value  has  beea®i^^|§ilS^twhen  deriving  an  inhalation-acceptable  chronic 
intake  (AIC)  for  the  public  fr^iw^ker  Exposure  levels  (EPA,  1984b). 

5  days/7  days.  Becajpe  thi|OJgL  isphsed  on  a  5-day  work  week,  an  adjustment  was  made 
to  average  the  doSei^wip^-di^peek. 

70  kg  (we^:  of  an  av^pge  adult)  (EPA,  1989b). 

100.  A  factor  of®is^iii6mmended  by  the  U.S.  EPA  when  deriving  RfDs  from  human  data 
to  account  for  huti&p variation  (i.e.,  to  protect  sensitive  members  of  the  general  population 
(e.g.,  children  and  the  elderly)  (EPA,  1989b).  An  additional  modifying  factor  of  10  was 
included  to  take  into  account  a  continuous  exposure  for  a  resident  (versus  an  intermittent 
exposure  for  a  worker)  and  a  lifetime  exposure  for  a  resident  (versus  a  less  than  lifetime 
exposure  for  a  worker).  Uncertainty  factors  of  10  to  100  are  commonly  used  by 
government  agencies  when  deriving  public  health  criteria  from  OELs  (EPA,  1984b; 
MDNR,  1989;  PAMS,  1983). 
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Rocky  Mountain  Arsenal  (RMA) 

Reference  Doses  (RfDs)  for  Noncarcinogenic  Health  Effects  (mg/kg/day) 


Dermal 

Route 

RfD 

NC  (v) 

3.00E-02  (sv) 

NC  (v) 

1.50E-05  (sv) 

2.50E-03  (sv) 

5.00E-02  (sv) 

NC  (v) 

2.50E-03  (sv) 

2.00E+00  (sv) 

4.00E-03  (sv) 

NC  (v) 

NC  (v) 

2.50E-03  (sv) 

NC  (v) 

NC  (v) 

1.22E-02  (sv) 

Reference  or 
Basis  of 
Oral  RfD 

EPA,  1990 

EPA,  1990 

Derived 

IRIS,  1990 

IRIS,  1990 

IRIS,  1990 

T3 

I 

.Si 

•o 

•■■•rc 

<U 

II 

GO* 

,2 

Derived 

EPA,  1990 

IRIS,  1990 

Derived 

IRIS,  1990 

IRIS,  1990 

Derived 

Oral 

Route 

RfD 

10-3001 

6.00E-02 

2.70E-04 

o 

W 

8 

ff): 

9 

UJ 

feS 

ip* 

car 

8 

jySgnj.. 

’  9 

CD 

&.8 

8 

+ 

UJ 

8 

8.00E-03 

5.00E-02 

1.40E-03 

5.00E-03 

7.00E-04 

2.00E-02 

2.45E-02 

Reference  or 
Basis  of 
Inhalation  RfD 

< 

S  i 

DC 

o. 

ill 

si 

t 

IS 

' 

J| 

*1! 

,8 

< 

m 

O 

ACGIH-TWA  1 

Oral  RfD 

Oral  RfD 

Oral  RfD 

ACGIH-TWA 

EPA,  1990 

Oral  RfD 

ACGIH-TWA 

EPA,  1990 

Oral  RfD 

Inhalation 

Route 

RfD 

1.82E+00  ,r 

o 

U 

8 

vH 

;rg 

w 

$ 

2.55E-04 

5.10E-03 

1.00E-01 

3.26E-02 

5.00E-03 

4.00E+00 

8.00E-03 

1.33E-03 

1.71E-02 

5.00E-03 

3.16E-02 

5.00E-03 

2.45E-02 

Pollutant 

Organics 

Acetone 

Acetonitrile 

Acrylonitrile 

Aldrin 

Atrazine 

Benzaldehyde 

Benzene 

Benzofuran 

Benzoic  Acid 

Benzonitrile 

Biphenyl 

Bromomethane 

Carbazole 

Carbon  Tetrachloride 

Chlorobenzene 

4-Chlorobiphenyl 
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Table  9-4 
(continued) 
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Inhalation  Reference  or  Oral  Reference  or  Dermal 

Pollutant  Route  Basis  of  Route  Basis  of  Route 
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Toluene _ _ _ S.71E-01 _ EPA,  1990  2.00E-01  IRIS,  1990  NC  (v) 

Trichlorobenzene _ 3.00E-03 _ EPA,  1990  2.00E-02  EPA,  1990  1.00E-02  (sv) 

Trichloroethene _  2.74E-01  ACGIH-TWA  7.35E-03  EPA,  1987  NC  (v) 


Table  9-4 
(continued) 


Dermal 

Route 

RfD 

4.28E-02  (sv) 

</3 

w 

8 

CJ 

2 

2 

o 

2 

O 

2 

w 

U 

2 

2.00E-05  (i) 

9 

IU 

S 

iri 

nC- 

9 

u 

5? 

cn 

? 

W 

8 

c4 

u 

2 

U 

2 

U 

2 

o 

z 

Z 

Z 

1.90E-03  (i) 

Reference  or 
Basis  of 
Oral  RID 

Derived 

IRIS,  1990 

Derived 

EPA,  1990 

i 

i 

> 

i 

IRIS,  1990 

f  :::EPA,  1990 

M 

mt 

illffelS,  1990 

« 

< 

• 

IRIS,  1990 

i 
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1 

IRIS,  1990 

Derived 

EBASCO, 
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Oral 

Route 

RfD 

8.47E-02 

8.00E-04 

1.30E-03 

2.00E+00 

» 

0) 
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:1 

01 

.  8 

|f 

"::tN 

i-9 

.  u 

m 

5.00E-03 

§ 

1.00E-03 

U 

2 

§ 

5.00E-03 

2.30E-03 

3.80E-02 

Reference  or 
Basis  of 
Inhalation  RfD 

Oral  RfD 

Oral  RfD 

X 

5 

u. 

Jt 

1  .*  ■ 

Ip 

j:  <' 

pi 

J 

l| 

lx 

8 

< 

ACGIH-TWA  ] 

EPA,  1990 

ACGIH-TWA 

X 
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< 

ACGIH-TWA 

ACGIH-TWA 

ACGIH-TWA 

ACGIH-TWA 

ACGIH-TWA 

EBASCO,  1990 

Inhalation 

Route 

RfD 

fS 
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Pollutant 

Urea 

Vapona 

Vinyl  Chloride 

Xylenes  (total) 

Inorganics 

- - - - - 

Aluminum 

Ammonia 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Calcium 

Chromium  (III) 

Chromium  (VI) 

Cobalt 

Copper 
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ACGIH-TWA  =  American  Conference  of  Governmental  Industrial  Hygienists.  Time-Weighted  Average 
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SECTION  10 


RISK  CHARACTERIZATION 


In  this  section,  both  carcinogenic  and  noncarcinogenic  risks  as  a  result  of  exposure  under 
base  case  emissions  conditions  were  evaluated  based  on  the  pollutant  daily  intakes 
calculated  in  Section  8  and  the  toxicity  values  presented  in  Section  9.  The  total  lifetime 
carcinogenic  risk  was  calculated  based  on  a  combination  of  adult,  child,  and  infant  exposure 
for  the  Resident-A,  Resident-B,  and  Farmer  scenarios.  The  noncarcinogenic  risk  was 
evaluated  separately  for  adult,  child,  and  infant  exposure*  The  Worker  scenario  evaluated 
carcinogenic  and  noncarcinogenic  risk  only  for  a#p|l|lt.  The  results  presented  in  this 
section  were  determined  on  the  basis  of  base  ca|i  (i.e.,  od|servatively  estimated  average) 
emission  rates.  Risk  estimates  for  sensitivit^as<{§emissions  (worst-case  maximum) 
summarized  and  discussed  in  Section  11  in,  the  '^Si^sitivity  Analysis." 

10.1  DETERMINATION  OF  CARCHNOgWc  RISK 


are 


Carcinogenic  risk  was  calcul:§t^n;fbSi^i  carcinogen  through  each  exposure  pathway  for 
each  individual.  An  individfal’s  totl|lfxcess  lifetime  carcinogenic  risk  in  any  given  exposure 
scenario  was  defined  as  the  siS||sQ|iiiult,  child,  and  infant  risks,  which  were  appropriately 
adjusted  for  exposure  duration.  Total  lifetime  carcinogenic  risk  was  based  on  the 
summation  of  the  individual  risks  for  the  adult,  child,  and  infant  for  the  applicable  scenarios. 
Calculation  of  a  total  carcinogenic  risk  allows  an  evaluation  of  overall  potential  risk  and  a 
pinpointing  of  those  routes  and  pollutants  that  result  in  the  highest  relative  risks. 
Carcinogenic  risk  will  be  calculated  for  each  route  of  exposure  using  the  following  formula: 


Risk  =  EDI  x  CSFxEDA 
Where: 

Risk  =  Excess  lifetime  carcinogenic  risk 
EDI  =  Estimated  daily  intake  (mg/kg/day) 
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CSF  =  Carcinogenic  slope  factor  (mg/kg/day)'1 
EDA  =  Exposure  duration  adjustment 


The  carcinogenic  slope  factors  for  the  inhalation,  oral,  and  dermal  routes  of  exposure  are 
presented  in  Table  9-3.  The  estimated  daily  intakes  were  previously  determined  for  the 
appropriate  routes  of  exposure  in  Section  8.  The  estimated  daily  intakes  and  exposure 
duration  adjustments  used  for  the  adult,  child,  and  infant  are  discussed  in  the  subsections 


that  follow.  The  exposure  duration  adjustment  compensates  for  exposure  periods  of  less 
than  70  years.  Carcinogenic  risks  were  based  upon  average  estimated  daily  intakes,  which 


were  derived  from  soil  concentrations  averaged  over  ^170-year  lifetime 


10.1.1  Adult  Carcinogenic  Risk 


As  presented  in  the  previous  equation,  thfi..carc^|Bnic  risk  resulting  from  exposure  to  a 
particular  chemical  is  dependent  on  threijpf^|iosage,  the  carcinogenic  potency  of  the 
chemical,  and  exposure  duration.  jf||ts  3if|s  are  summarized  at  the  end  of  Section  8. 
Average  doses  were  used  in  detegjpi|pll|jflogenic  risk  for  the  adult,  since  carcinogenic 
risk  is  based  on  exposure  lifetime  exposure),  the  majority  of  which 

occurs  as  an  adult.  The  lg|gh  of  aj|psure  also  is  taken  into  account  in  the  calculation  of 
risk,  since  carcinogenic  poteh^fggpts  are  based  on  an  exposure  duration  of  70  years,  and 
carcinogenic  risk  is  assumed  to  bd  proportional  to  exposure  duration. 


For  the  Resident- A,  Resident-B,  and  Farmer  exposure  scenarios,  carcinogenic  risk  was 
calculated  for  the  ingestion  and  dermal  routes  of  exposure  based  on  1  year  of  exposure  as 
an  infant,  5  years  of  exposure  as  a  child,  and  64  years  of  exposure  as  an  adult;  therefore,  an 
exposure  duration  adjustment  of  64/70  years  was  used  to  calculate  adult  carcinogenic  risk 
for  these  exposure  routes.  For  the  inhalation  route  of  exposure,  only  2  years  of  exposure 
(i.e.,  the  facility  lifetime)  could  occur  over  an  individual’s  lifetime.  Since  children  and 
infants  are  considered  more  sensitive  to  contaminant  exposure,  the  maximum  exposed 
individual  was  conservatively  assumed  to  be  in  these  age  groups.  It  therefore  was  assumed 
that  over  a  lifetime,  1  year  of  pollutant  inhalation  occurred  as  an  infant,  1  year  as  a  child, 
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and  no  inhalation  exposure  occurred  as  an  adult.  Adult  carcinogenic  risk  from  inhalation 
was  evaluated  separately  and  is  presented  in  the  sensitivity  analysis  (see  Subsection  11.3). 

For  the  Worker  scenario,  exposure  was  assumed  to  occur  over  30  years  (Ebasco,  1990), 
resulting  in  an  exposure  duration  adjustment  of  30/70  years  for  the  ingestion  and  dermal 
routes  of  exposure.  For  worker  inhalation  exposure,  an  exposure  duration  adjustment  of 
2/70  years  was  used,  based  on  the  facility  lifetime. 


The  calculated  carcinogenic  risk  for  adults  through  all  routes  of  exposure  are  presented  in 
Appendix  8H,  Tables  8H-1  through  8H-4. 

10 .12  Child  Carcinogenic  Risk 


The  predicted  childhood  doses  for  the  apdicabiP^sdnogens  are  summarized  at  the  end 
of  Section  8.  As  with  the  adult,  average  ^p^llimsed  in  determining  carcinogenic  risk. 
The  childhood  exposure  duration  w;^ll||ume||o  be  5  years,  based  on  the  exposure  scenario 

j _ _  j  •  r»  i _ _ n  a  .ilHU?’ _ JiiiiUUUiiii:.  _ _ _ _ A _ ^  _  £  tr  t^ir\  _  _ l  r _ 


used  for 


.  A®|exppd^i!luration  adjustment  of  5/70  was 

—  and  dermal  exposure  routes.  As  discussed  in 


described  in  Subsection  8.3. 
childhood  risk 

Subsection  10.1.1,  a  child, ;jf|jg  assun||cl  to  be  exposed  to  pollutants  through  the  inhalation 
route  for  1  year  based  on  overaUi:U|||time  exposure;  therefore,  an  exposure  duration  of  1/70 
was  used  for  the  inhalation  route/  Childhood  carcinogenic  risk  estimates  for  each  route  of 
exposure  are  summarized  in  Appendix  8H,  Tables  8H-5  through  8H-7. 


10.1.3  Infant  Carcinogenic  Risk 


Infants  are  considered  to  be  a  potentially  sensitive  subpopulation  because  of  potential 
pollutant  exposure  through  the  ingestion  of  mother’s  milk.  The  infant  also  is  exposed 
through  the  inhalation  pathway.  The  predicted  infant  doses  for  the  applicable  carcinogens 
are  summarized  at  the  end  of  Section  8.  An  infant  was  assumed  to  be  exposed  for  1  year 
based  on  the  exposure  scenario  described  in  Subsection  8.3.4;  therefore,  an  exposure 
duration  adjustment  of  1/70  was  used  in  calculating  carcinogenic  risk.  Since  infants  are 
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exposed  only  for  any  1  year  during  which  exposure  concentrations  will  be  at  a  maximum, 
and  in  order  to  prevent  underestimation  of  carcinogenic  risk,  maximum  daily  intakes 
determined  for  the  mother  were  used  instead  of  average  lifetime  daily  intakes  in  calculating 
breast  milk  concentrations  and  infant  carcinogenic  risk.  Tables  8H-8  and  8H-10  (Appendix 
8H)  present  the  estimates  of  carcinogenic  risk  based  on  inhalation  and  mother’s  millr 
ingestion  for  all  of  the  applicable  exposure  scenarios. 

10.1.4  Total  Carcinogenic  Risk 


The  total  carcinogenic  risk  for  each  exposure  scenario  was  calculated  by  summing  the 
individual  risks  calculated  for  the  adult,  child,  and  igS|||;iAs  previously  stated,  the  Worker 
scenario  was  evaluated  only  for  an  adult.  The  regps  are  li|p  in  Tables  10-1  through  10-4 
for  the  Resident-A,  Resident-B,  Farmer,  and  \lfck|pcenarios,  respectively.  (All  tables  are 
presented  at  the  end  of  this  section.)  T^^^follo^lii^equation  was  used  to  calculate  total 


Riskj 


otal 


Where: 


Risktota, 

R^kjnhl 


=  Riskj, 


nhl 


Riskde 


=  Tota|;;sarcihbgenic  risk 


Childhood  and  infant  carcinogenic  risk  (Resident-A,  Resident-B, 
and  Farmer  scenarios),  or  adult  carcinogenic  risk  (Worker 
scenario)  associated  with  the  inhalation  route  of  exposure 


Rising  =  Adult,  childhood,  and  infant  carcinogenic  risk  (Resident-A, 
Resident-B,  and  Farmer  scenarios)  or  adult  carcinogenic  risk 
(Worker  scenario)  associated  with  the  ingestion  route  of  exposure 


Riskder  =  Adult  and  childhood  carcinogenic  risk  (Resident-A,  Resident-B, 
and  Farmer  Scenarios)  or  adult  carcinogenic  risk  (Worker 
scenario)  associated  with  the  dermal  route  of  exposure 
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10 2  DETERMINATION  OF  NONCARCINOGENIC  RISK 


In  this  subsection,  noncarcinogenic  risks  were  evaluated  by  comparing  predicted  maximum 
daily  intakes  to  reference  doses  (RfDs).  This  was  accomplished  by  the  calculation  of  hazard 
quotients  and  hazard  indices.  A  hazard  quotient  for  a  particular  pollutant  through  a 
given  exposure  route  is  the  ratio  between  the  predicted  daily  intake  and  the  applicable  RfD, 
as  shown  in  the  following  equation: 

HQ  =  MDI/RfD 

Where:  j§p;:' 

HQ  =  Hazard  quotient  j3r 

MDI  =  Maximum  estimated  daily  injgpl  (mg/kg^lky) 

RfD  =  Reference  dose  (mg/kg/dayf|L 

Maximum  estimated  daily  intakes  were  bai^i  dHipiphum  soil  concentrations  achieved  over 
the  2-year  facility  lifetime.  jilll  :ll| 

A  total  exposure  hazard  index^?S;;cal^yiated  for  the  adult,  child,  and  infant  in  each  scenario 
(except  the  worker,  which||adult  dpy)  By  summing  the  hazard  quotients  for  all  pollutants 
through  all  exposure  routeS^^Jj^important  to  note  that  this  methodology,  unlike  the 
methodology  used  in  the  evaluation  of  carcinogenic  risk,  is  not  a  measure  of  and  cannot  be 
used  to  quantify  risk  (i.e.,  it  does  not  predict  the  relative  likelihood  or  probability  of  the 
occurrence  of  adverse  effects).  If  a  hazard  quotient  or  hazard  index  exceeds  1,  it  simply 
indicates  that  there  might  be  a  potential  for  noncarcinogenic  health  effects  occurring  under 
the  defined  exposure  conditions.  Because  RfDs  incorporate  a  margin  of  uncertainty, 
exceedance  of  a  criterion  does  not  necessarily  indicate  that  an  adverse  effect  will  occur.  It 
also  should  be  noted  that,  unlike  the  estimation  of  carcinogenic  risk,  the  evaluation  of 
noncarcinogenic  risk  does  not  involve  an  adjustment  for  the  number  of  years  of  exposure. 
It  is  assumed  that  any  chronic  exposure,  regardless  of  the  duration,  might  potentially  result 
in  adverse  effects  if  the  RfD  is  exceeded  in  a  given  period  of  an  individual’s  life  (e.g., 
infancy,  childhood,  or  adulthood).  RfDs  are  presented  in  Table  9-4  in  Subsection  9.4.  All 
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pollutants,  both  carcinogens  and  noncarcinogens,  were  evaluated  for  potential 
noncarcinogenic  effects. 


10.2.1  Adult  Noncarcinogenic  Risk 


The  maximum  estimated  daily  intakes  for  the  pollutants  of  concern  used  in  the  evaluation 
of  noncarcinogenic  risk  were  presented  in  Subsection  8.2.  Adult  hazard  quotients  were 
calculated  for  the  inhalation,  ingestion,  and  dermal  routes  of  exposure.  These  and  the 
respective  hazard  indices  are  presented  in  Tables  10-5  through  10-8  for  the  Resident-A, 
Resident-B,  Farmer,  and  Worker  adult  scenarios,  respectively. 

10*2.2  Child  and  Infant  Noncarcinogenic  Risk.JS 

Noncarcinogenic  risk  for  the  child  and  infant  waPiy  uated  bY  the  same  method  used  for 
the  adult.  Predicted  maximum  estimatl||3^ipakes  for  children  and  infants  were 
presented  in  Subsection  8.3.  Hazai:d|||fierii^ere  calculated  for  the  inhalation,  ingestion, 
and  dermal  routes  of  exposure  fi§kh|pl|j||!iese  and  the  respective  hazard  indices  are 
presented  in  Tables  10-9  child  and  in  Tables  10-12,  10-13,  and  10-14,  for 

the  Resident-A,  Resident-B*,.  and  Partner  Scenarios,  respectively. 

10.3  RESULTS 
10.3.1  Carcinogenic  Risk 

The  total  carcinogenic  risk  for  base  case  emissions,  which  were  based  on  the  addition  of  the 
risks  for  the  adult,  childhood,  and  infant  exposure  pathways,  were  estimated  to  be  1.54 
chances  in  100  million  for  Resident-A,  2.50  chances  in  1  billion  for  Resident-B,  5.92  chances 
in  1  billion  for  the  Farmer,  and  7.64  chances  in  10  billion  for  the  Worker.  The  individual 
risk  estimates  by  pollutant  and  by  route  of  exposure  are  presented  in  Tables  10-1  (Resident- 
A),  10-2  (Resident-B),  10-3  (Farmer),  and  10-4  (Worker).  Table  10-15  presents  the  risk  for 
each  of  the  scenarios  by  pathway  as  a  percentage  of  total  risk.  The  child  exposure  pathway 
through  the  inhalation  route  represented  the  majority  (50-55  percent)  of  the  risk  from  all 
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scenarios,  followed  by  the  inhalation  pathways  in  the  infant  (33-36  percent).  Ingestion 
pathways  (other  than  breast  milk)  contributed  5  percent  or  less  of  the  risk  in  all  scenarios 
for  any  age  group.  Breast  milk  ingestion  by  infants  contributed  8  to  9  percent  of  total 
carcinogenic  risk.  Total  cancer  risk  was,  therefore,  several  orders  of  magnitude  less  than 
the  IE-06  risk  criterion  stated  in  the  Final  Decision  Document  (Woodward-Clvde,  1990). 


10.3.2  Noncarcinogenic  Risk 


The  total  hazard  index  for  each  exposure  scenario  under  base  case  emission  conditions  was 
calculated  by  summing  the  respective  hazard  quotients  for  all  chemicals  and  exposure 
pathways  for  each  exposed  individual  (adult,  child||i^ant).  Hazard  indices  include  the 
potential  for  noncarcinogenic  effects  of  carcinogpiic  subiip||ces. 

Adult  hazard  quotients  for  each  chemical . 

5  (Resident-A),  10-6  (Resident-B), 
quotients  are  presented  in  Table$!|l|ln9  (Sesident-A),  10-10  (Resident-B),  and  10-11 
(Farmer).  Respective  infant  summarized  in  Tables  10-12  through  10- 

14.  A  comparison  of  the  ha?a^ig^ifeats  and  indices  are  summarized  in  Table  10-16. 

Hazard  indices  for  adults,  cl§|&^l%nd  infants  were  less  than  unity  in  each  of  the  four 
scenarios  (Table  10-16).  Under  base  case  emissions  conditions,  therefore,  noncarcinogenic 
health  effects  would  not  be  anticipated  in  any  maximum  exposed  individual. 


10.3.3  Summary  of  Results 


Figure  10-1  illustrates  the  ranking  of  the  four  scenarios  relative  to  the  magnitude  of 
carcinogenic  risk.  The  most  reasonably  maximum  exposed  individual  under  base  case 
conditions  was  the  Resident-A  child.  However,  carcinogenic  risk  was  almost  two  orders  of 
magnitude  (i.e.,  66  fold)  below  the  level  of  concern.  The  inhalation  pathway  was  the 
primary  contributor  to  total  risk  for  the  child.  Similarly,  the  Resident-A  child  was  the  most- 
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exposed  individual  in  terms  of  noncarcinogenic  health  risk  (see  Figure  10-2).  Again, 
inhalation  exposure  was  the  primary  contributor. 

Based  upon  a  comprehensive  multipathway  human  health  risk  assessment  of  the  SQI,  with 
four  possible  exposure  scenarios  and  under  conditions  of  average  expected  emission  rates 
over  the  assumed  2-year  incinerator  operation,  it  was  concluded  that  the  facility  poses 
neither  carcinogenic  risk  nor  noncarcinogenic  health  effects  to  any  sensitive  population,  as 
defined  by  EPA  guidance  (EPA,  1989)  and  the  Final  Decision  Document  (Woodward-Clyde, 
1990). 

A  sensitivity  analysis  and  discussion  of  the  uncertai#i%and  assumptions  underlying  these 
findings  are  presented  in  Section  11.  As  partgpf  the  s$i§&ivity  analysis,  the  maximum 
expected  emissions  were  evaluated  on  carcino||pi£!pk  and  noncarcinogenic  health  effects. 
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Table  10-4 


Total  Lifetime  Worker  Carcinogenic  Risk  Through  the 
Inhalation,  Ingestion,  and  Dermal  Routes  of  Exposure 


r 


Pollutant 


Exposure  Routes 
Soil/Dust  Dermal 

Inhalation  Ingestion  Absorption  Total 


ORGANICS 

Acrylonitri le 
Aldrin 
Benzene 
Carbazole 

Carbon  Tetrachloride 
Chloroform 
p#p“DDE 
pf p-DDT 

1,4-Dichlorobenzene 

1.1 - D ich loroethene 

1 .2- Dichloropropane 
Dieldrin 

Dioxins/Furans  (EPA  TEFs) 
Hexachlorobenzene 
Methyl  Chloride 
Methylene  Chloride 
PAHs 

Benzo(a)pyrene 

Chrysene 

D i benzo( a , h ) anthracene 
Parathion 
Quinol ine 
Styrene 

Tetrach loroethene 
Tr ich loroethene 
Vapona 

Vinyl  Chloride 

INORGANICS 
Arsenic 
Beryl l ium 
Cadmium 
Chromium  (VI ) 

Lead 

Nickel 

Total 


2. 1 1E-19 

NA 

1.59E-18 

5.07E-20 

5.46E-17 

NA 

3.52E-21 

1.13E-22 

7.60E-20 

NA 

7.49E-21 

NA 

5.27E-17 

3.15E-19 

1.06E-20 

6.30E-23 

5.01E-22 

NA 

6.16E-19 

NA 

2.83E-21 

NA 

3.06E-19 

9.80E-21 

6.35E-12 

6.62E- 14 

1.00E-17 

4.00E-20 

1.16E-17 

NA 

2.57E-18 

NA 

1.12E-15 

1.19E-18 

1.12E-15 

1.49E-18 

1.12E-15 

1.61E-18 

NE 

NE 

5.26E-18 

1.68E-19 

3.68E-18 

NA 

2.41E-20 

NA 

1.24E-20 

NA 

2.40E-20 

7.68E-22 

2.70E-16 

NA 

7.25E-10 

2.71E-12 

4.15E-12 

6.80E-14 

8.59E- 12 

NA 

4.64E-12 

NA 

NE 

NE 

7.72E- 12 

NA 

7.56E-10 

2.84E-12 

NA 

2.11E-19 

7.85E-20 

1.71E-18 

NA 

5.46E-17 

1.74E-22 

3.81E-21 

NA 

7.60E-20 

NA 

7.49E-21 

4.87E-19 

5.35E-17 

9.75E-23 

1.07E-20 

NA 

5.01E-22 

NA 

6.16E-19 

NA 

2.83E-21 

1.52E-20 

3.31E-19 

1.02E-13 

6.52E-12 

6.19E-20 

1.01E-17 

NA 

1.16E-17 

NA 

2.57E-18 

1.84E-18 

1.12E-15 

2.30E-18 

1.12E-15 

2.50E-18 

1.12E-15 

NE 

NE 

2.60E-19 

5.69E-18 

NA 

3.68E-18 

NA 

2.41E-20 

NA 

1.24E-20 

1.19E-21 

2.60E-20 

NA 

2.70E-16 

4.18E-12 

7.32E-10 

1.05E-13 

4.33E- 12 

NA 

8.59E-12 

NA 

4.64E-12 

NE 

NE 

NA 

7.72E-12 

4.39E-12 

7.64E-10 
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Ackilt  Hazard  Index  for  the  Inhalation,  Ingestion,  and  Dernal  Routes  of 
Exposure  for  the  Resident -A  Scenario 
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Table  10-8 


Adult  Hazard  Index  for  the  Inhalation,  Ingestion, 
and  Dermal  Routes  of  Exposure  for  the  Worker  Scenario 


Pollutant 

Inhalation 

Exposure  Routes 

Soil/Dust  Dermal 

Ingestion  Absorption 

Total 

ORGANICS 

Acetone 

2.79E- 18 

NA 

NA 

2.79E-18 

Acetoni tri  le 

3.08E- 14 

1 . 1 1E-17 

1.72E-17 

3.08E-14 

Acryloni tri le 

7.02E-15 

NA 

NA 

7.02E- 15 

Aldrin 

1.28E-14 

2.35E-16 

3.64E-16 

1.34E-14 

Atrazine 

1.42E-16 

1.05E-19 

1.63E-19 

1.42E-16 

Benzaldehyde 

6.69E-13 

1.45E-15 

2.24E-15 

6.72E-13 

Benzene 

2.02E-12 

NA 

NA 

2.02E-12 

Benzofuran 

2.57E-11 

5.55E-14 

8.59E- 14 

2.58E-1 1 

Benzoic  Acid 

8.10E-15 

1.75E-17 

2.71E-17 

8.14E-15 

Benzonitri le 

3.85E-15 

8.33E-18 

1.29E-17 

3.87E-15 

Biphenyl 

2.42E-11 

NA 

NA 

2.42E-1 1 

Bromome  thane 

3.76E-13 

NA 

NA 

3.76E-13 

Carbazole 

1.23E-15 

2.67E-18 

4.12E-18 

1.24E-15 

Carbon  Tetrachloride 

6.47E-16 

NA 

NA 

6.47E- 16 

Chlorobenzene 

3.17E-12 

NA 

NA 

3.17E-12 

4-Chlorobiphenyl 

1.52E-12 

3.29E- 15 

5. 1 IE-15 

1.53E-12 

4,4-Chlorobiphenyl 

2.09E-14 

4.53E-17 

7.04E-17 

2.1 0E - 14 

Chloroform 

6.48E- 17 

NA 

NA 

6.48E-17 

4-Chlorophenylmethylsulfone 

6.01E-16 

7.01E-19 

1.08E-18 

6.03E-16 

4-Chlorophenylmethyl sulfoxide 

2.24E-15 

2.61E-18 

4.03E-18 

2.24E-15 

p,p-DDE 

1.09E-11 

2.17E-14 

3.35E-14 

1.09E-11 

p,p-DDT 

1.07E-15 

4.34E-18 

6.72E-18 

1.08E-15 

Di benzofuran 

NE 

NE 

NE 

NE 

Di chlorobenzenes  (total) 

2.89E-16 

NA 

NA 

2.89E-16 

1 , 1 -Dichloroethene 

8.81E- 16 

NA 

NA 

8.81E-16 

1 ,2-Dichloroethene 

6.25E-16 

NA 

NA 

6.25E-16 

1 ,2-Dichloropropane 

4.1  IE-18 

NA 

NA 

4. 1 1E-18 

Dieldrin 

2.63E-15 

2.90E-17 

4.48E- 17 

2.70E-15 

Di isopropyl  Hethylphosphonate 

1.47E-15 

2.29E-18 

3.54E-18 

1.48E-15 

1 ,3-Dimethylbenzene 

6.42E-14 

5.55E-16 

8.59E-16 

6.56E-14 

Dimethyldisulf ide 

4.03E-14 

NA 

NA 

4.03E-14 

Dimethyl  Hethylphosphonate 

1.56E-13 

8.01E-18 

1.24E-17 

1.56E-13 

Dimethyl  phosphate 

8.84E- 15 

1 . 91 E  - 1 7 

2.95E-17 

8.89E-15 

Dioxins/Furans  (EPA  TEFs) 

1.97E-06 

4.00E-09 

6.19E-09 

1.98E-06 

Dithiane 

1.18E-17 

2.55E-20 

3.94E-20 

1 . 18E-17 

Endrin 

6.39E-15 

4.37E-18 

6.76E- 18 

6.40E-15 

Ethylbenzene 

4.35E- 14 

NA 

NA 

4.35E-14 

Hexachlorobenzene 

2.74E-13 

5.27E-16 

8.15E-16 

2.75E-13 

Hexach l orocyc lopentadi ene 

3.04E-13 

1.88E-18 

2.90E-18 

3.04E-13 

Isodr  in 

2.45E-14 

5.31E-17 

8.21E-17 

2.47E-14 

Malathion 

2.57E-16 

2.84E-19 

4.39E-19 

2.58E-16 

Methanol 

2.79E-13 

3.22E-16 

4.98E-16 

2.80E-13 

Methyl  Chloride 

6.12E-13 

NA 

NA 

6.12E-13 

Methylene  Chloride 

7.50E-15 

NA 

NA 

7.50E-15 

4-Nitrophenol 

1.09E-14 

2.35E-17 

3.63E-17 

1.09E-14 

PAHs 

Acenaphthalene 

5.35E- 13 

1.16E-15 

1.79E-15 

5.38E-13 

Acenaphthene 

5.35E-13 

1.16E-15 

1-79E-15 

5.38E-13 

Benzo(a)pyrene 

2.14E-13 

2.26E- 16 

3.50E-16 

2.14E-13 

Chrysene 

2.14E-13 

2.57E- 16 

3.97E-16 

2. 14E-13 

Dibenzo(a,h)anthracene 

2.14E-13 

2.68E- 16 

4.14E-16 

2.1 4E - 13 

Fluoranthene 

4.82E-13 

5.71E-16 

8.83E-16 

4.83E-13 

Fluorene 

1.60E-13 

3.47E- 16 

5.36E-16 

1.61E-13 

Phenanthrene 

4.28E- 13 

4 . 14E- 16 

6.41E-16 

4.29E-13 

Pyrene 

2.14E-13 

2.03E-16 

3.14E-16 

2.1 4E - 13 

Pa rath  ion 

7.10E-15 

1.30E-19 

2.02E-19 

7.10E-15 

Pentach lorobenzene 

1.22E-13 

2.65E-16 

4.1 0E - 16 

1.23E-13 

Phenol 

1.79E-11 

1.25E-15 

1.94E-15 

1.79E-11 

Pyridine 

1.89E-16 

NA 

NA 

1.89E-16 

Quinol ine 

7.67E-17 

1.66E-19 

2.57E-19 

7.71E-17 

Styrene 

2.97E-13 

NA 

NA 

2.97E-13 

Supona 

7.25E-15 

1.57E-17 

2.43E- 17 

7.29E-15 

\ 
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Table  10-8 
(continued) 


Tetrach lorobenzene 

1.38E-13 

2.98E-16 

4.61E-16 

1.38E-13 

Tetrachloroethene 

7.39E-16 

NA 

NA 

7.39E- 16 

Toluene 

5.63E-14 

NA 

NA 

5.63E-14 

T rich lorobenzene 

7.26E-15 

2.35E-18 

3.64E-18 

7.26E-15 

Trichloroethene 

1.44E-16 

NA 

NA 

1.44E-16 

Urea 

5.56E-12 

1.20E-14 

1.84E-14 

5.59E-12 

Vapona 

3.62E-15 

7.84E-18 

1.21E-17 

3.64E-15 

Vinyl  Chloride 

4.83E-12 

NA 

NA 

4.83E-12 

Xylene 

1.50E-13 

NA 

NA 

1.50E-13 

INORGANICS 

Aluminum 

4.17E-06 

NA 

NA 

4.17E-06 

Ammonia 

8.87E-08 

NA 

NA 

8.87E-08 

Antimony 

5.86E-07 

1.62E-09 

2.50E-09 

5.90E-07 

Arsenic 

8.29E-06 

3.66E-09 

5.66E-09 

8.30E-06 

Barium 

4.14E-06 

1.28E-11 

1.98E-11 

4.14E-06 

Beryllium 

8.48E-06 

7.49E-12 

1.16E-11 

8.48E-06 

Boron 

3.07E-06 

NA 

NA 

3.07E-06 

Cadmium 

9.67E-07 

NA 

NA 

9.67E-07 

Calcium 

4.97E-05 

NA 

NA 

4.97E-05 

Chromium  (III) 

2.21E-07 

NA 

NA 

2.21E-07 

Chromium  (VI) 

7.76E-08 

NA 

NA 

7.76E-08 

Cobalt 

7.30E-06 

NA 

NA 

7.30E-06 

Copper 

1.59E-04 

9.03E-08 

1.40E-07 

1.59E-04 

Cyanogen 

1.44E-16 

NA 

NA 

1.44E-16 

Hydrogen  Cyanide 

5.96E-12 

NA 

NA 

5.96E- 12 

Iron 

2.21E-05 

NA 

NA 

2.21E-05 

Lead 

1.23E-06 

8.21E-10 

1.27E-09 

1.24E-06 

Lithiun 

5.19E-07 

NA 

NA 

5. 19E-07 

Magnesium 

1.1 OE - 05 

NA 

NA 

1.10E-05 

Manganese 

9.70E-06 

NA 

NA 

9.70E-06 

Mercury 

5.46E-06 

3.38E-09 

5.22E-09 

5.47E-06 

Molybdenum 

1.02E-06 

NA 

NA 

1.02E-06 

Nickel 

1.32E-04 

NA 

NA 

1.32E-04 

Phosphate 

NE 

NA 

NA 

NE 

Potass iun 

NE 

NA 

NA 

NE 

Selenium 

2.13E-02 

3.13E-06 

4.84E-06 

2.13E-02 

Silicon 

1.47E-03 

NA 

NA 

1.47E-03 

Si Iver 

4.41E-03 

3.24E-08 

5.02E-08 

4.41 E- 03 

Sodium 

NE 

NA 

NA 

NE 

Strontium 

NE 

NA 

NA 

NE 

Thallium 

4.28E-05 

1.35E-07 

2.09E-07 

4.31E-05 

Tin 

1.87E-06 

NA 

NA 

1.87E-06 

Titanium 

4.72E-09 

NA 

NA 

4.72E-09 

Vanadium 

2.16E-05 

NA 

NA 

2. 16E-05 

Yittrium 

9.90E-09 

NA 

NA 

9.90E-09 

Zinc 

9.38E-Q7 

NA 

NA 

9.38E-07 

CRITERIA  POLLUTANTS/ 

ACID  GASES* 

Carbon  Monoxide 

3.84E-05 

NA 

NA 

3.84E-05 

Hydrogen  Chloride 

2.91E-04 

NA 

NA 

2.91E-04 

Hydrogen  Fluorides 

2.97E-05 

NA 

NA 

2.97E-05 

Nitric  Acid 

3.46E-04 

NA 

NA 

3.46E-04 

Nitrogen  Dioxide 

5.32E-04 

NA 

NA 

5.32E-04 

Particulate  Matter 

1.53E-04 

NA 

NA 

1.53E-04 

Sulfur  Dioxide 

5.04E-04 

NA 

NA 

5.04E-04 

Sulfuric  Acid  Mist 

4.76E-03 

NA 

NA 

4.76E-03 

Total  (Hazard  Index) 

3.43E-02 

3.40E-06 

5.26E-06 

3.43E-02 
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Table  10-11 

Child  Hazard  Index  for  the  Inhalation,  Ingestion,  and  Dermal 
Routes  of  Exposure  for  the  Farmer  Scenario 


.."Ziisssi 


S££fc~;£™£™2;g;o;2t2AjnfA4lA 


LU  Oi  UJ 
O  Vf  fT\ 
*  O  1/1 


i*-e-N.^-rvjeOsi-*--(M«-mr\j 


■  AJ  m  LA  fM  -  (O 


7  777  777  7  ®  ®  ;£  ®  £  n^o«o  vo«^* 


in  N.  «—  vt  ro  N- 


7  7  §  7  a.  g.-„  ^,,0^0 

"  552  5  522  ^2 


:ujcijjluuj<:ujluujc<' 
:f02-WN20m02  2 
*”  *n  o  N-  o  ro  >o 


'O'O  eo  o  K 
r-  e-  o  r-  »- 


^"=”*!S*3[BSS»«**aj!8*8iSi6«Bigj| 

'O  co  *—  in  'j-  co 


m^a-e-  «-  ki  n  vj  co  ^tn*-^in 


£  ^  00  O  co  si- in 

1  i»i  i  ,  ,  7  77 

iM^JiJiiJLy<:Lui-ULU<<Lu<<CLLiuj 

•  2  O'  N~  'C  31  O  N  »0  Z  SC  OJ  2  2C  fx  ■ 

o  co  o  m  N.CMC5  R:  Ss 


O  O'  CM  vQ 


in  o  'O  o 


:  O'  O'  in  t- 
'■O  O'  O  CM 


^$^<<>L|LUiiJ<UJlUUJlLuj<LLlUJUJ 

5t:tz:'it8:§S5'S2ft2S!*s^! 


•S3SJ 

ro  CM  Kl* 


CNjZO'OCMZ'J-O-'OCM 

o  rn  r-  >Ss,^i-: 

fM  CM  r-‘  in  ^ 


ZMZOIM'OZt-CSOZZst 
-<>  O  CM  O"  M  sf  O  2 

O  «—  "J-  N-  T-e—tn 


M  CM  >0  CM  «-*  v*  s* 

«“  «—  T-  «— 


I  LU  <  LU  LU  LU  LU 

jfQzwOi-'j 

i  o  o  rooco 


^  2  £  2:  g  ^  ^  ££££ 

zzzzrzOvrin^rnzmin-r-zN-Nlrnin 

C0N.O  >0  CVJ'OKI  o  O  O'  CM 

N-»-(M  «-  CO  'O  M  m  »-  CM  o* 


Ln  7  ro  in  £-  n.  vo  m^cvj'O 


-o  inoo>  woo  n-  oio  «Rl:S  *2zSS:S:t.'Jt;Sii:2z'v^<>'Si 

K>  *—  *— 


«-  cm  *-  sj-  m  vj- 


'OCVJ'ON'O 


—  2^2i0S^^2^^t2fNilAtn,-r“K1'OinNt 


s£  r- in  £  rvw  g  s.  m  cm  cm  ro  in 


•:^“j°*:~"!o«oo:oih:SgS!85RS!Sa*fc8SafeS8fcaS!8fcS!3sSsS 


+-*  <D 

w  a>  o  c 

C  C  <p 

wood, 

4)  JZ  jz  o 

C  -M  -M  t» 

4>  O  «J  Q. 

C  M  o  o  o 

<0  C  L  L  L 


co  {/> 

C  u. 

o  LU 

-s.  ^ 

w  < 

O  Q. 

|  -C  If  uj 

>  a.  <m  w 


o  o  h-  >,  j 


<u  .- 
c  c 

00  o  o  - 

C_>  -M  4-> 
~  4>  fll 

zoo 

<  <  <  - 


Ic 

-—*  D  •*-*(/)  CO 

•“*  >*  w  <u  o  u 

>*-c  £■  X  JC.  3 

a  u*  x»  a.  u. 


-  l_  C_  LU 

>  O  O  Q 

►  -c  Ic  ? 

■  o  u  a 


O  S  O  o  o  >s  P 

D-Q— Q_  u*  X5  a 

O  JZ  jo  jz  C  O  <u  — <  — <  — <  -v,  aj  coo  n 

nSo,000:^^^^^  S  °  w  c«2 

§  c  °  O  o  S  -O  o  S  £  £  £  =  «  =  •=  -=  -r  -c 

ai!  £  J- ^  ^ gig 


8  l 

4)  O 
M  — > 
C  O 

SJI  fr 

41  O  O 
N  L  L 
COO 


-  Q-  O  Q  r-  «— 


O  OQ4J4-**rf.—  .^..^.wOO  L, 

**“  **“  - ■—  •—  ***•  c  4-»  o 

QQ»—  OQQOQLULUS:' 


10-32 


Table  10-11 
(continued) 
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Table  10-12 


Infant  Hazard  Index  for  the  Inhalation  and  Mother's  Milk  Ingestion 
Routes  of  Exposure  for  the  Resident -A  Scenario 


Exposure  Routes 
Mother's  Milk  Total 

Pollutant  Inhalation  Ingestion  (Hazard  Index) 


ORGANICS 


Acetone 

4.09E-17 

1.29E-17 

5.39E-17 

Acetoni tri le 

4.52E-13 

3.60E-13 

8.13E-13 

Acrylonitri le 

1.03E-13 

5.17E-15 

1.08E-13 

Aldrin 

1.88E-13 

5.19E-12 

5.37E-12 

Atrazine 

2.09E-15 

5.43E-15 

7.51E-15 

Benzaldehyde 

9.82E-12 

2.60E-11 

3.58E-1 1 

Benzene 

2.97E-11 

1.12E-12 

3.08E-1 1 

Benzofuran 

3.77E-10 

9.77E-10 

1.35E-09 

Benzoic  Acid 

1.19E-13 

3-1 0E- 13 

4.28E-13 

Benzonitri le 

5.66E-14 

1.49E-13 

2.06E-13 

Biphenyl 

3.55E-10 

2.32E-11 

3.78E-10 

Bromome  thane 

5.52E-12 

1 -17E-12 

6.69E-12 

Carbazole 

1.81E-14 

4.65E-14 

6.45E-14 

Carbon  Tetrachloride 

9.50E-15 

7.45E-15 

1.70E-14 

Chlorobenzene 

4.66E-11 

2.02E-13 

4.68E-11 

4-Chlorobiphenyl 

2.23E-1 1 

5.68E-11 

7.91E-11 

4, 4-Chlorobi phenyl 

3.07E-13 

7.82E-13 

1.09E-12 

Chloroform 

9.51E-16 

8.26E-17 

1.03E-15 

4-Ch lorophenylmethylsulf one 

8.83E-15 

2.31E-14 

3-1 9E - 1 4 

4- Chlorophenyl methyl sulfoxide 

3.29E-14 

8.57E-14 

1 . 19E-13 

p,p-DDE 

1.59E-10 

3 . 69E - 1 0 

5.28E-10 

pt p-DDT 

1.56E-14 

3.76E-14 

5.32E-14 

Di benzofuran 

NE 

NE 

NE 

Oi chlorobenzenes  (total) 

4.24E-15 

3.27E-17 

4.27E-15 

1  , 1-Dichloroethene 

1.29E-14 

5.09E-16 

1.34E-14 

1 ,2-Dichloroethene 

9.17E-15 

1.59E-16 

9.33E-15 

1 , 2-D i ch loropropane 

6.04E-17 

7.42E-15 

7.48E-15 

Dieldrin 

3.86E-14 

1 . 16E-12 

1.20E-12 

Di isopropyl  Methyl phosphonate 

2.16E-14 

5.60E-14 

7.76E-14 

1,3-Dimethylbenzene 

9.42E-13 

9.68E-12 

1.06E-11 

Dimethyldi sulfide 

5.92E-13 

1.46E-12 

2.05E-12 

Dimethyl  Methylphosphonate 

2.29E-12 

6.29E-12 

8.58E-12 

D i me thy l ph ospha t e 

1.30E-13 

3.28E-13 

4.58E-13 

Dioxins/Furans  (EPA  TEFs) 

2.89E-05 

5.85E-04 

6.14E-04 

D i th i ane 

1.73E-16 

4.86E-16 

6.59E-16 

Endrin 

9.38E-14 

8.07E-14 

1.75E-13 

Ethylbenzene 

6.39E-13 

4.91E-14 

6.88E-13 

Hexach l orobenzene 

4.02E-12 

2.32E-12 

6.34E-12 

Hexach l orocyc l opentadi ene 

4.46E-12 

3.67E-14 

4.49E-12 

Isodr in 

3.60E- 13 

1.54E-12 

1.90E-12 

Ma lath  ion 

3.78E-15 

4.91E-15 

8.69E-15 

Methanol 

4.10E-12 

1.05E-11 

1.46E-11 

Methyl  Chloride 

8.98E-12 

9.10E-13 

9.89E-12 

Methylene  Chloride 

1.10E-13 

2.73E-14 

1.37E-13 

4-Nitrophenol 

1.59E-13 

4-1 IE- 13 

5  -  71 E - 13 

PAHs 

Acenaphthalene 

7.86E-12 

2.03E-11 

2.82E-11 

Acenaphthene 

7.86E-12 

2.01E-1 1 

2.79E-11 

BenzoC a) pyrene 

3.14E-12 

8.01E-12 

1.11E-11 

Chrysene 

3.14E-12 

8.01E- 12 

1.12E-11 

Dibenzo(a,h)anthracene 

3.14E-12 

8.89E-12 

1 -20E-11 

Fluoranthene 

7.08E-12 

1.80E-11 

2.51E-11 

Fluorene 

2.35E-12 

6.03E-12 

8.39E-12 

Phenanthrene 

6.28E-12 

1.60E-11 

2-22E-11 

Pyrene 

3.1 4E -12 

7.98E-12 

1 . 1 1E-11 

Parathion 

1.04E-13 

2.26E-15 

1.06E-13 

Pent ach l orobenzene 

1.80E-12 

1.05E-12 

2.85E-12 

Phenol 

2.63E-10 

1.74E-13 

2.63E-10 

Pyridine 

2.78E-15 

1 • 1 IE- 13 

1.14E-13 

Quinol ine 

1.13E-15 

2.98E-15 

4.11E-15 

Styrene 

4.36E-12 

8.21E-14 

4.44E-12 

Supona 

1 .06E-13 

2.73E-13 

3.79E-13 
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Table  10-12 
(continued) 


Tetrach lorobenzene 

Tetrachloroethene 

Toluene 

Tri chlorobenzene 
Trich loroethene 
Urea 
Vapona 

Vinyl  Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammon  i  a 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium  (III) 
Chromium  (VI) 

Cobalt 

Copper 

Cyanogen 

Hydrogen  Cyanide 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Phosphate 

Potassium 

Selenium 

Si l i con 

Si Iver 

Sodium 

Strontium 

Thai l ium 

Tin 

Titanium 

Vanadium 

Yittrium 

Zinc 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 
Hydrogen  Chloride 
Hydrogen  Fluorides 
Nitric  Acid 
Nitrogen  Dioxide 
Particulate  Matter 
Sulfur  Dioxide 
Sulfuric  Acid  Mist 

Total  (Hazard  Index) 


2.02E-12 

1.22E-12 

1.09E-14 

6.52E-15 

8.26E-13 

6.82E-15 

1.07E-13 

9.17E-15 

2-1  IE-15 

1.36E-15 

8. 16E- 1 1 

3.43E-09 

5.32E-14 

1.41E-13 

7.09E-1 1 

1.26E-11 

2.20E-12 

5.45E-17 

6.13E-05 

NE 

1.30E-06 

NE 

8.61E-06 

NE 

1.22E-04 

NE 

6.08E-05 

NE 

1.25E-04 

NE 

4.51E-05 

NE 

1 -42E-05 

NE 

7.29E-04 

NE 

3.24E-06 

NE 

1.14E-06 

NE 

1.07E-04 

NE 

2.33E-03 

NE 

2.1 IE- 15 

NE 

8.76E-11 

NE 

3.25E-04 

NE 

1.81E-05 

NE 

7.62E-06 

NE 

1.61E-04 

NE 

1.42E-04 

NE 

8.02E-05 

NE 

1.50E-05 

NE 

1.94E-03 

NE 

NE 

NE 

NE 

NE 

3.12E-01 

NE 

2.15E-02 

NE 

6.47E-02 

NE 

NE 

NE 

NE 

NE 

6.29E-04 

NE 

2.75E-05 

NE 

6.93E-08 

NE 

3.18E-04 

NE 

1.45E-07 

NE 

1.38E-05 

NE 

5.63E-04 

NE 

4.28E-03 

NA 

4.36E-04 

NA 

5.09E-03 

NA 

7.81E-03 

NA 

2.24E-03 

NA 

7.40E-03 

NA 

6.98E-02 

NA 

5.04E-01  5.85E-04 


3.24E-12 
1.74E-14 
8.33E-13 
1.16E-13 
3.47E-15 
3.51E-09 
1.95E-13 
8.35E-1 1 
2.20E-12 


6. 13E-05 
1.30E-06 
8.61E-06 
1.22E-04 
6.08E-05 
1.25E-04 
4.51E-05 
1 -42E-05 
7.29E-04 
3.24E-Q6 
1.14E-06 
1.07E-04 
2.33E-03 
2.11E-15 
8.76E-11 
3.25E-04 
1.81E-05 
7.62E-06 
1.61E-04 
1.42E-04 
8.02E-05 
1.50E-05 
1.94E-03 
NE 
NE 

3. 12E-01 
2.15E-02 
6.47E-02 
NE 
NE 

6.29E-04 

2.75E-05 

6.93E-08 

3.18E-04 

1.45E-07 

1.38E-05 


5.63E-04 

4.28E-03 

4.36E-04 

5.09E-03 

7.81E-03 

2.24E-03 

7.40E-03 

6.98E-02 

5.04E-01 
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Table  10-13 


Infant  Hazard  Index  for  the  Inhalation  and  Mother's  Milk  Ingestion 
Routes  of  Exposure  for  the  Res i dent -B  Scenario 


Exposure  Routes 
Mother's  Mi  Ik  Total 

Pollutant  _ Inhalation  Ingestion  (Hazard  Index) 


ORGANICS 
Acetone 
Acetonitri  le 
Acrylonitri le 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic  Acid 
Benzonitri le 
Biphenyl 
Bromomethane 
Carbazole 

Carbon  Tetrachloride 
Chlorobenzene 
4-Ch l orobi phenyl 
4 ,4- Chi orobi phenyl 
Chloroform 

4-Chlorophenylmethylsulfone 

4-Chlorophenylmethylsulf oxide 

p,p-DDE 

p#p-DDT 

Di benzofuran 

Di chlorobenzenes  (total) 

1 . 1 - Dichloroethene 

1 .2- Dichloroethene 

1 . 2- Dichloropropane 
Dieldrin 

Di isopropyl  Methyl phosphonate 

1 . 3- Dimethyl benzene 
Dimethyldi sulfide 
Dimethyl  Methylphosphonate 
Dimethy l phosphate 
Dioxins/Furans  (EPA  TEFs) 
Dithiane 

Endrin 

Ethylbenzene 

Hexach l orobenzene 

Hexachlorocyclopentadiene 

Isodr in 

Ma lath ion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Nitrophenol 

PAHs 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Pa rath ion 
Pentach l orobenzene 
Phenol 
Pyridine 
Quinoline 
Styrene 
Supona 


6.41E-18 

2.03E-18 

8.44E-18 

7.08E-14 

2.75E-13 

3.46E-13 

1.61E-14 

8.1 0E- 16 

1.69E-14 

2.94E-14 

2.13E-12 

2.16E-12 

3.27E-16 

9.05E-16 

1.23E-15 

1.54E-12 

5.57E-12 

7.10E-12 

4.65E-12 

1.75E-13 

4.83E-12 

5.90E-1 1 

1.83E-10 

2.42E-10 

1.86E-14 

6.02E-14 

7.88E-14 

8.86E-15 

3.12E-14 

4.01E-14 

5.55E-1 1 

3.64E-12 

5.92E-1 1 

8.64E-13 

1.83E-13 

1.05E-12 

2.83E-15 

8.18E-15 

1  - 10E-14 

1.49E-15 

1.17E-15 

2.65E-15 

7.30E-12 

3.17E-14 

7.33E-12 

3.49E-12 

9.39E-12 

1.29E-11 

4.81E-14 

1.28E-13 

1.76E-13 

1.49E-16 

1.29E-17 

1 .62E-16 

1.38E-15 

4.60E-15 

5.98E-15 

5.15E-15 

1.67E-14 

2.19E-14 

2.50E-1 1 

6.20E-11 

8.70E-11 

2.45E-15 

7.04E-15 

9.49E-15 

NE 

NE 

NE 

6.64E-16 

5.12E-18 

6.69E-16 

2.02E-15 

7.97E-17 

2.10E-15 

1.44E-15 

2.49E-17 

1.46E-15 

9.45E-18 

1.16E-15 

1 . 17E-15 

6.04E-15 

1 -03E-12 

1.04E-12 

3.38E-15 

1.05E-14 

1.39E-14 

1.48E-13 

1.72E-12 

1.86E-12 

9.27E-14 

2.28E-13 

3.21E-13 

3.58E-13 

1.64E-12 

1.99E-12 

2.03E-14 

5.15E-14 

7.18E-14 

4.52E-06 

9.50E-05 

9.95E-05 

2.71E-17 

1.40E-16 

1.67E-16 

1.47E-14 

1 -27E-14 

2.74E-14 

1.00E-13 

7.69E-15 

1 .08E-13 

6.29E-13 

4.03E-13 

1.03E-12 

6.98E-13 

1.15E-14 

7.09E-13 

5.64E-14 

1.05E-12 

1 • 1 IE- 12 

5.91E-16 

8.31 E- 16 

1.42E-15 

6.41E-13 

8.12E-12 

8.76E-12 

1.41E-12 

1.42E-13 

1.55E-12 

1.72E-14 

4.27E-15 

2.15E-14 

2.50E-14 

7.49E-14 

9.98E-14 

1.23E-12 

3.76E-12 

4.99E-12 

1.23E-12 

3.41E-12 

4.65E-12 

4 • 91 E - 1 3 

1.32E-12 

1.81E-12 

4.91E-13 

1.33E-12 

1.82E-12 

4.91E-13 

2.21 E- 1 2 

2.70E-12 

1.11E-12 

2.96E-12 

4.07E-12 

3.69E-13 

1.05E-12 

1.42E-12 

9.84E-13 

2.60E-12 

3.58E-12 

4 .91 E - 13 

1 -30E-12 

1 .80E-12 

1 .63E-14 

3.87E-16 

1.67E-14 

2.81E-13 

1.97E-13 

4.79E-13 

4.12E-11 

5.59E-14 

4.12E-11 

4.35E-16 

1.74E-14 

1 .79E-14 

1.76E-16 

6.44E-16 

8.21E-16 

6.82E-13 

1 .28E-14 

6.95E-13 

1.67E-14 

4.73E-14 

6.40E-14 
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Table  10-13 
(continued) 


Te t  rach l orobenzene 

3.17E-13 

2.75E-13 

5 .91 E - 1 3 

Tetrachloroethene 

1.70E-15 

1.02E-15 

2.72E-15 

Toluene 

1.29E-13 

1.07E-15 

1.30E-13 

Tri chlorobenzene 

1.67E-14 

1.52E-15 

1.82E-14 

Trichloroethene 

3.30E-16 

2.14E-16 

5 .44E- 16 

Urea 

1.28E-11 

4.69E-09 

4.71E-09 

Vapona 

8.33E-15 

3. 1 1E-14 

3.94E-14 

Vinyl  Chloride 

1.11E-11 

1.97E-12 

1.31E-11 

Xylene 

3.44E-13 

8.54E-18 

3.44E-13 

INORGANICS 

Aluminum 

9.59E-06 

NE 

9.59E-06 

Ammonia 

2.04E-07 

NE 

2.04E-07 

Antimony 

1.35E-06 

NE 

1.35E-06 

Arsenic 

1.91E-05 

NE 

1.91E-05 

Barium 

9.53E-06 

NE 

9.53E-06 

Beryllium 

1.95E-05 

NE 

1.95E-05 

Boron 

7.06E-06 

NE 

7.06E-06 

Cadmi  in 

2.22E-Q6 

NE 

2.22E-06 

Calcium 

1 • 14E-04 

NE 

1 . 14E-04 

Chromium  (III) 

5.07E-07 

NE 

5.07E-07 

Chromium  (VI) 

1.78E-0 7 

NE 

1.78E-07 

Cobalt 

1.68E-05 

NE 

1.68E-05 

Copper 

3.65E-04 

NE 

3.65E-04 

Cyanogen 

3.31E-16 

NE 

3.31E-16 

Hydrogen  Cyanide 

1.37E-11 

NE 

1.37E-11 

I  ron 

5.08E-05 

NE 

5.08E-05 

Lead 

2.84E-06 

NE 

2.84E-06 

L i th i um 

1.19E-06 

NE 

1.19E-06 

Magnesium 

2.52E-05 

NE 

2.52E-05 

Manganese 

2.23E-05 

NE 

2.23E-05 

Mercury 

1.26E-05 

NE 

1.26E-05 

Molybdenum 

2.35E-06 

NE 

2.35E-06 

Nickel 

3.04E-04 

NE 

3.04E-04 

Phosphate 

NE 

NE 

NE 

Potassium 

NE 

NE 

NE 

Selenium 

4.89E-02 

NE 

4.89E-02 

Si l icon 

3.37E-03 

NE 

3.37E-03 

Si Iver 

1.01E-02 

NE 

1.01E-02 

Sodium 

NE 

NE 

NE 

Strontium 

NE 

NE 

NE 

Thallium 

9.84E-05 

NE 

9.84E-05 

Tin 

4.30E-06 

NE 

4.30E-06 

Titanium 

1.09E-08 

NE 

1.09E-08 

Vanadium 

4.98E-05 

NE 

4.98E-05 

Yittrium 

2.28E-08 

NE 

2.28E-08 

Zinc 

2.16E-06 

NE 

2.16E-06 

CRITERIA  PQLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 

8.82E-05 

NE 

8.82E-05 

Hydrogen  Chloride 

6.70E-04 

NA 

6.70E-04 

Hydrogen  Fluorides 

6.83E-05 

NA 

6.83E-05 

Nitric  Acid 

7.96E-04 

NA 

7.96E-04 

Nitrogen  Dioxide 

1.22E-03 

NA 

1.22E-03 

Particulate  Matter 

3.51E-04 

NA 

3.51E-04 

Sulfur  Dioxide 

1.16E-03 

NA 

1.16E-03 

Sulfuric  Acid  Mist 

1.09E-02 

NA 

1.09E-02 

Total  (Hazard  Index) 

7.89E-02 

9.50E-05 

7.90E-02 
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Table  10-14 


Infant  Hazard  Index  for  the  Inhalation  and  Mother1*  Milk  Ingestion 
Routes  of  Exposure  for  the  Fanaer  Scenario 


Exposure  Routes 
Mother1*  Milk  Total 

Pollutant  Inhalation  Ingestion  (Hazard  Index) 


ORGANICS 
Acetone 
Acetonitri le 
Acryloni tri le 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic  Acid 
Benzonitri le 
Biphenyl 
Bromome  thane 
Carbazole 

Carbon  Tetrachloride 
Chlorobenzene 
4-Chlorobi phenyl 
4,4-Chlorobiphenyl 
Chloroform 

4-Chlorophenylmethylsulfone 

4-Chlorophenylmethy l sulfoxide 

p,p-DDE 

p,p-DDT 

Di benzofuran 

Di chlorobenzenes  (total) 

1 .1- Dichloroethene 

1 . 2- D i ch l oroethene 

1 .2- Dichloropropane 
Dieldrin 

Di isopropyl  Methyl phosphonate 

1 .3- Dimethylbenzene 
Dimethyldi sulfide 
Dimethyl  Methylphosphonate 
Dimethyl phosphate 
Dioxins/Furans  (EPA  TEFs) 

D i th i ane 

Endrin 

Ethylbenzene 

Hexach l orobenzene 

Hexach l or ocyc l opent  ad i ene 

Isodr in 

Ma  lath ion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Nitrophenol 

PAHs 

Acenapbthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

D i benzo( a , h ) anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 

Pent ach l orobenzene 

Phenol 

Pyridine 

Quinoline 

Styrene 

Supona 


1.44E-17 

4.54E-18 

1.89E-17 

1.59E-13 

8.47E-13 

1.01E-12 

3.62E-14 

1  - 81 E - 1 5 

3.80E-14 

6.60E-14 

1.44E-11 

1.44E-11 

7.33E-16 

2.16E-15 

2.89E-15 

3.45E-12 

1.19E-11 

1.54E-11 

1.04E-11 

3.93E- 13 

1.08E-11 

1.32E-10 

4.69E-10 

6.02E-10 

4.17E-14 

1.34E-13 

1.76E-13 

1.98E-14 

6.74E-14 

8.73E-14 

1.24E-10 

8.15E-12 

1.33E-10 

1.94E-12 

4.10E-13 

2.35E-12 

6.35E-15 

2.05E-14 

2.68E-14 

3.34E- 15 

2.61E-15 

5.95E-15 

1.63E-11 

7.09E-14 

1.64E-11 

7.83E-12 

2.29E-11 

3.08E-11 

1.Q8E-13 

3.24E-13 

4.32E-13 

3.34E-16 

2.90E-17 

3.63E-16 

3.10E-15 

9.74E-15 

1.28E-14 

1.15E-14 

3.66E- 14 

4.82E-14 

5.59E-1 1 

1.47E-10 

2.03E-10 

5.49E-15 

2.23E-14 

2.78E- 14 

NE 

NE 

NE 

1.49E-15 

1  - 15E-17 

1.50E-15 

4.54E-15 

1.79E-16 

4.72E-15 

3.22E-15 

5.59E-17 

3.27E-15 

2.12E-17 

2.60E-15 

2.62E-15 

1.35E-14 

5.12E-12 

5 . 14E- 12 

7.58E-15 

2.34E-14 

3.10E-14 

3.31E-13 

4.31E-12 

4.64E-12 

2.08E-13 

5.11E-13 

7.19E-13 

8.03E-13 

3.11E-12 

3.91E-12 

4.55E-14 

1.17E-13 

1.62E-13 

1.01E-05 

2.61E-04 

2.71E-04 

6.07E-17 

2.72E-16 

3.32E-16 

3.29E- 14 

2.90E-14 

6.19E-14 

2.24E-13 

1.72E-14 

2.41E-13 

1.41E-12 

1.06E-12 

2.47E-12 

1.56E-12 

4.52E-14 

1.61E-12 

1.26E-13 

5.09E-12 

5.21E-12 

1.32E-15 

1.92E-15 

3.24E-15 

1.44E-12 

1.27E-11 

1.42E-11 

3.15E-12 

3.1 9E - 1 3 

3.47E-12 

3.86E-14 

9.58E-15 

4.82E-14 

5.59E-14 

1.90E-13 

2.46E-13 

2.76E-12 

1.02E-11 

1.30E-11 

2.76E-12 

8.43E-12 

1.12E-11 

1 . 10E- 12 

4.29E- 12 

5.39E-12 

1 . 10E- 12 

3.38E-12 

4.49E-12 

1.10E-12 

5.47E-12 

6.58E-12 

2.48E-12 

7.34E-12 

9.82E-12 

8.26E-13 

2.69E-12 

3.51E-12 

2.20E-12 

6. 18E-12 

8.39E-12 

1.10E-12 

3.17E-12 

4.27E-12 

3.66E-14 

9.56E-16 

3.75E-14 

6.31E-13 

5.56E-13 

1 . 19E-12 

9.23E-1 1 

1.85E-13 

9.25E-11 

9.74E-16 

3.91E-14 

4.01E-14 

3.95E-16 

1.73E-15 

2.12E-15 

1.53E-12 

2.88E-14 

1.56E-12 

3.73E-14 

1 . 15E-13 

1.52E-13 
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Table  10-14 
(continued) 


Tetrach lorobenzene 

7.09E-13 

3.81E-15 

8.89E-13 

Tetrach loroethene 

1.60E-12 

T  o l uene 

2.29E-15 

6.09E-15 

Tri chlorobenzene 

2.90E-13 

3.74E-14 

2.39E-15 

2.92E-13 

T rich loroethene 

3.60E-15 

4.10E-14 

Urea 

7.40E-16 

4.79E-16 

1.22E-15 

Vapona 

2.86E-11 

1.87E-14 

6.59E-09 

6.62E-09 

Vinyl  Chloride 

6.58E-14 

8.45E-14 

Xylene 

2.49E-11 

4.42E-12 

2.93E-11 

INORGANICS 

7.72E-13 

1.91E-17 

7.72E-13 

Aluminum 

Ammon  i  a 

Antimony 

Arsenic 

Barium 

Beryl l  inn 

Boron 

Cadmium 

Calcium 

Chromium  (III) 

Chromium  (VI) 

Cobalt 

Copper 

Cyanogen 

Hydrogen  Cyanide 

Iron 

Lead 

L  i  th  i  urn 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Phosphate 

Potassium 

Selenium 

Si l icon 

Si Iver 

Sodium 

Strontium 

Thai l ium 

T  in 

Titanium 
Vanadium 
Y i ttrium 
Zinc 

CRITERIA  POLLUTANTS/ 

ACID  GASES 

Carbon  Monoxide 
Hydrogen  Chloride 
Hydrogen  Fluorides 
Nitric  Acid 
Nitrogen  Dioxide 
Particulate  Matter 
Sulfur  Dioxide 
Sulfuric  Acid  Mist 


2.15E-05 

NE 

4.57E-07 

NE 

3.02E-06 

NE 

4.27E-05 

NE 

2.13E-05 

NE 

4.37E-05 

NE 

1.58E-05 

NE 

4.98E-06 

NE 

2.56E-04 

NE 

1.14E-06 

NE 

4.00E-07 

NE 

3.76E-05 

NE 

8.17E-04 

NE 

7.42E-16 

NE 

3.07E-11 

NE 

1.14E-04 

NE 

6.36E-06 

NE 

2.68E-06 

NE 

5.65E-05 

NE 

5.00E-05 

NE 

2.81E-05 

NE 

5.26E-06 

NE 

6.82E-04 

NE 

NE 

NE 

NE 

NE 

1.10E-01 

NE 

7.55E-03 

NE 

2.27E-02 

NE 

NE 

NE 

NE 

NE 

2.21E-04 

NE 

9.64E-06 

NE 

2.43E-08 

NE 

1.12E-04 

NE 

5.10E-08 

NE 

4.83E-06 

NE 

1.98E-04 

NE 

1.50E-03 

NA 

1.53E-04 

NA 

1.78E-03 

NA 

2.74E-03 

NA 

7.87E-04 

NA 

2.60E-03 

NA 

2.45E-02 

NA 

2. 15E-05 
4.57E-0 7 
3.02E-06 
4.27E-05 
2. 13E-05 
4.37E-05 
1.58E-05 
4.98E-06 
2.56E-04 
1-14E-06 
4.00E-07 
3.76E-05 
8.17E-04 
7.42E-16 
3.07E-11 
1.14E-04 
6.36E-06 
2.68E-06 
5.65E-05 
5.00E-05 
2.81E-05 
5.26E-06 
6.82E-04 
NE 
NE 

1.10E-01 

7.55E-03 

2.27E-02 

NE 

NE 

2.21E-04 

9.64E-06 

2.43E-08 

1.12E-04 

5.10E-08 

4.83E-06 


1.98E-04 
1.50E-03 
1 -53E-04 
1.78E-03 
2.74E-03 
7.87E-04 
2.60E-03 
2.45E-02 


Total  (Hazard  Index) 


1.77E-01  2.61E-04  1.77E-01 
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Table  10-15 


Distribution  of  Carcinogenic  Risk  by  Pathway,  as  a 
Percent  of  Total  Risk,  for  all  Scenarios 
(Base  Case  Emissions  Rates) 


Route  of  Exposure 

Resident-A 

Resident-B 

Farmer 

Worker 

Adult 

Inhalation 

NA 

NA 

NA 

99.1 

Ingestion 

0.5 

2.7 

5.1 

0.4 

Vegetable 

0.2 

0  ^ 

0.3 

NA 

Milk 

0.1 

QjWllfe, 

3.9 

NA 

Beef 

<0.01 

jpbi 

#!  0.1 

NA 

Soil/Dust 

0.1 

0.2 

0.4 

Fish 

0.2  ;jh 

0.05 

NA 

Dermal 

<.01  'll 

0.1 

0.6 

Child 

Inhalation 

Jf'  53.2 

50.3 

NA 

Ingestion 

1.1 

2.1 

NA 

Vegetables 

life,  °-li 

0.04 

0.05 

NA 

Milk 

0.2 

1.8 

NA 

Beef 

<.01 

<.01 

0.02 

NA 

Soil/Dust 

0.1 

0.6 

0.2 

NA 

Fish  • 

0.03 

0.2 

0.1 

NA 

Dermal 

0.01 

0.05 

0.02 

NA 

Infant 

Inhalation 

36.1 

34.8 

32.9 

NA 

Breast  Milk 

8.2 

8.2 

9.5 

NA 

TOTAL  RISK 

1.54E-08 

2.50E-09 

5.92E-10 

7.64E-10 

NA  =  Not  applicable 
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Table  10-16 


Hazard  Index  Values  For  Adults, 

Children,  and  Infants  in  the  Four  Exposure  Scenarios 
Under  Base  Case  Emissions  Conditions 


Exposure  Scenario 

Total  Hazard  Index 

Adult 

Child 

Infant 

Resident-A 

3.1E-01 

7.7E-01 

5.0E-01 

Resident-B 

5.4E-02 

1.2E-01 

7.9E-02 

Farmer 

1.2E-01 

jt#.7E-01 

1.8E-01 

Worker 

3.4E-02 

j|i||NA 

NA 

NA  =  Not  applicable 
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SECTION  11 


DISCUSSION  OF  RISKS 

11.1  INTRODUCTION 


The  risk  results  (i.e.,  lifetime  excess  carcinogenic  risk  and  hazard  indices)  presented  in  this 
report,  as  is  true  for  all  risk  assessments,  are  relative  or  conditional  estimates  because,  in 
part,  they  are  based  on  a  number  of  assumptions.  These  assumptions  are  developed  when 
there  is  an  absence  of  empirical  or  reliable  scientific  daja  about  the  toxicity  of  chemicals  of 
concern  and  the  degree  of  exposure  of  the  individu411||Q,;:those  chemicals.  In  practice,  the 
required  assumptions  are  derived  deliberately  tafperestiitii^  the  real  (absolute)  risk  (i.e., 
they  are  "conservative").  As  a  consequence,  t^ab#iute  risks  reasonably  can  be  expected 
to  be  lower  than  the  relative  risks,  an:dfii..thefe®|&!;  provide  a  factor  of  safety  to  the 
potentially  exposed  individuals.  :;||£":"llll|lp- 


11.2  UNCERTAINTY  ANALYSljf  JlftfejF 


The  goal  of  an  analysis  of^certaiiffifes  is  to  provide  the  appropriate  decision  makers  (i.e., 
risk  managers)  and  the  pubIili|Hath|p:  discussion  of  the  range  of  key  assumptions  and  site- 
related  variables  that  significantly  influence  the  estimate  of  risk.  Only  with  this  additional 
information  can  the  decision  makers  and  the  public  have  confidence  that  the  potential 
health  risks  associated  with  operating  the  SQI  have  been  addressed. 


11.2.1  Toxicitv-Related  Assumptions 


For  a  risk  to  exist,  both  exposure  to  the  pollutants  of  concern  and  toxicity  at  the  predicted 
exposure  levels  must  exist.  The  toxicological  uncertainties  primarily  relate  to  the 
methodology  by  which  both  carcinogenic  and  noncarcinogenic  criteria  are  developed. 
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Although  there  is  evidence  to  suggest  some  carcinogens  may  exhibit  thresholds,  the  no¬ 
threshold  theory  of  chemical  carcinogenesis  assumes  there  is  no  "safe"  level  (i.e.,  threshold) 
of  exposure  to  any  pollutant  shown  or  suspected  to  cause  cancer  (an  uncertainty).  This 
implies  that  exposure  to  even  a  single  molecule  of  a  chemical  may  be  associated  with  a 
fimte  risk,  however  small.  The  assumption  is  that  even  if  relatively  large  doses  of  a 
pollutant  were  required  to  cause  cancer  in  laboratory  animals,  (i.e.,  much  higher  than  a 
person  would  ever  likely  be  exposed  to  over  a  lifetime),  these  exposure  doses  can  be  linearly 
extrapolated  downward  many  orders  of  magnitude  to  estimate  slope  factors  for  humans. 
The  slope  factor  is  used  to  estimate  an  upper  bound  lifetime  probability  of  an  individual 
developing  cancer  as  a  result  of  exposure  to  a  partpilar  level  of  a  carcinogen.  The 
assumptions  and  methodology  of  determining  huma||||ger  slope  factors,  therefore,  likely 
result  in  an  underestimate  of  actual  cancer  risk,  = 

With  respect  to  noncarcinogenic  effects,  t|ere  is':l|||ed  to  be  a  defined  level  of  exposure 
to  a  pollutant  that  can  be  tolerated  by  ad^f^^without  the  occurrence  of  an  adverse, 
effect  (i.e.,  a  "threshold").  The  ap|p||h  is^l|dentify  a  subthreshold  exposure  level  that 
will  be  protective  of  the  most  sen^je  j||^j|!s  in  the  population  (i.e.,  the  reference  dose, 
RfD).  As  this  level  can  onJ||||  jl|j|d  from  animal  studies  or  limited  human  toxicity 
data,  the  RfD  incorpor^uncl||nty  factors  anywhere  from  one  to  five  orders  of 
magmtude,  which  reflects  thei^|||Pbf  extrapolation  used  in  the  derivation  (EPA,  1989a). 


The  influence  of  specific  uncertainties  on  the  risk  results  are  discussed  in  detail  in  the 

"Sensitivity  Analysis"  (Section  11.3)  with  respect  to  those  chemicals  that  had  the  greatest 
effect  on  risk. 

H-2.2  Exposure-related  Assumption.; 

In  addition  to  toxicological  criteria,  the  risk  equation  also  requires  an  estimation  of  the  dose 
that  a  hypothetical  individual  might  receive  either  directly  or  indirectly  from  a  source  of 
emissions  such  as  the  proposed  SQI.  As  discussed  in  earlier  sections,  composite  exposure 
scenarios  were  developed  to  determine  the  extent  of  exposure,  and  ultimately  the  risk. 
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Although  these  exposure  scenarios  are  based  on  a  number  of  standard  assumptions  that  are 
commonly  agreed  upon  by  the  scientific  and  regulatory  communities,  there  are  uncertainties 
inherent  in  them,  uncertainties  that  need  to  be  discussed  in  relation  to  the  risk  results. 
Wherever  possible,  site  specific  factors  are  taken  into  consideration  in  estimating  exposure 
to  reduce  the  uncertainty  as  much  as  possible. 


A  number  of  assumptions  were  made  in  this  risk  assessment  that  overestimate  exposure  in 
areas  where  the  limitations  in  the  available  data  made  more  specific  quantification  difficult 
or  impossible.  It  is  inherent  in  these  assumptions  that  the  actual  case  would  clearly  result 
in  reduced  exposure  and  consequent  risk.  These  conservative  assumptions  include  the 
following: 


For  routes  of  exposure  other  th^&rg$?t  inhalation,  it  was  assumed  that  the 
maximum  exposed  individual  stafillleiftdoors  24  hours/ day,  365  days/year  for 
70  years  (i.e.,  the  standardi;:niaxihi^;j;exposed  person).  There  were  no 
modifying  assumptions  mala^^yh^erson’s  daily  and  lifelong  mobility,, 
nor  was  there  recognition  of protective  shielding  effect  from  living 
indoors.  ji§| lii.  Ill 

From  a  conservatidfillfn-jp^ss  pifspective,  one  would  expect  that  a  fraction  of 
the  pollutants  the  stack  will  be  removed  by  the  wet  and  dry 

deposition  pip:essdi^|dieflby  depleting  the  mass  of  pollutants  in  the  air 
available  fo^®|halatiq|l  Inhalation  exposure  was  maximized  in  this  risk 
assessment  by:ii^|u|pfig  that  the  atmospheric  pollutant  concentrations 
resulting  from  stacf  lfnissions  were  not  reduced  by  the  wet  and  dry  deposition 
phenomena.  Likewise,  it  was  assumed  that  the  total  mass  of  emitted 
pollutants  was  adsorbed  to  particulates  available  for  wet  and  dry  deposition. 
Effectively,  this  means  that  the  total  mass  of  stack  emissions  are  available 
both  for  inhalation  exposure  and  for  exposure  through  indirect  pathways  as 
a  result  of  wet  or  dry  deposition.  These  assumptions  greatly  overestimate  the 
amount  of  pollutants  likely  to  be  inhaled  or  ingested,  and  consequently,  the 
health  risk. 


The  scavenging  coefficients  used  in  the  calculation  of  wet  deposition  are 
generally  based  on  research  from  industrial  plants.  The  majority  of  the 
particles  emitted  from  these  facilities  are  sulfate  aerosols.  Sulfate  aerosols 
have  a  great  affinity  for  water  so  that  coefficients  based  on  these  studies  and, 
therefore,  wet  deposition  would  be  overestimated. 
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It  was  assumed  that  rainfall  did  not  remove  pollutants  deposited  by  dry 
deposition  from  garden  fruits,  leaf  vegetables,  and  cattle  feed  crops.  Also,  it 
was  assumed  that  these  edible  crops  were  not  washed  before  consumption. 
These  assumptions  resulted  in  higher  calculated  ingestion  rates  for  deposited 
pollutants. 

For  those  chemicals  for  which  degradation  was  not  considered,  the  total  2- 
year  pollutant  loading  of  the  incinerator  was  assumed  to  be  deposited  in  the 
soil  at  the  startup  of  incinerator  operation.  Therefore,  exposure  through  the 
soil  pathway  during  the  lifetime  exposure  period  for  these  contaminants  was 
based  on  the  maximum  soil  concentration  resulting  from  2  years  of  deposition. 


The  following  assumptions  that  may  underestimate  risk,  were  made: 


It  was  assumed  that  pollutants  depplted  :^vre.t  deposition  (rainfall)  do  not 
adhere  to  aboveground  portionsjpiedible  pilil  surfaces  and,  therefore,  are 
not  available  for  ingestion  by  th<|§ep§lble  pathway.  Although  it  is  likely  that 
a  small  amount  remains  on  the  |M||s  as  a  result  of  wet  deposition,  it  was 
assumed  that  this  was  mci|^^|||iittcSi^ensated  for  by  the  assumption  that 
rainfall  does  not  wash  off  S^JI^^^pts  deposited  by  dry  deposition. 

It  was  assumed  tha||lotM|nskii^!:  a  given  exposure  scenario  is  the  sum  of 
individual  risks  for4ach JplWstSf  and  exposure  pathway,  an  accepted  practice 
in  risk  assessment,,  il§pie  recent  research  has  suggested  the  possibility  of 
synergistic  ef|pi-i|||np|K)llutants  (i.e.,  the  toxic  effects  of  one  pollutant 
being  incre^;|d  gred|||  because  of  simultaneous  exposure  to  a  different 
pollutant)  bepllitheipnple  additive  effects  of  the  two  pollutants.  However, 
the  available  dat&lpthis  subject  are  not  sufficient  to  predict  the  likelihood 
or  magnitude  of  the  increased  toxicity  potential,  particularly  at  the  low 
exposure  concentrations  associated  with  the  incinerator,  and  with  the  large 
number  of  possible  chemical  interactions.  Equally  uncertain  is  the  ability  to 
predict  the  effects  of  antagonism  on  resultant  risk.  Antagonism  is  the 
phenomenon  by  which  the  toxicity  of  a  chemical  is  reduced  in  the  presence 
of  another. 


As  is  evident  from  this  discussion,  there  were  a  number  of  assumptions  made  in  each  step 
of  this  risk  assessment  (contaminant  selection,  air  modeling,  emissions  estimation,  toxicity 
assessment,  and  exposure  assessment),  the  inherent  uncertainties  of  which  tend  to 
overestimate  risk.  Also,  some  assumptions  were  made  that  may  underestimate  risk.  Based 
on  a  review  of  these  uncertainties  and  their  relative  importance,  it  can  be  reasonably 
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concluded  that  the  estimated  risk  results  presented  in  this  report  represent  an  upperbound 
estimate  of  the  lifetime  carcinogenic  risk  and  noncarcinogenic  health  effects  to  individuals 
under  the  scenarios  of  exposure,  and  further,  that  they  overestimate  the  true  or  absolute 
risk. 


113  SENSITIVITY  ANALYSIS 


This  subsection  discusses  the  specific  parameter  values  that  were  observed  to  have  the  most 
significant  influence  on  the  risk  results.  The  purpose  of  this  analysis  is  to  demonstrate 
quantitatively  the  range  of  risk  results  under  specified  conditions  such  that  the  risk 
managers,  decision  makers,  and  public  can  interprei®es;,results  as  objectively  as  possible. 


11.3.1  Emission  Rates 


The  health  risk  associated  with  an  inciner^rii|!|^l;efal  is  proportional  to  the  rate  at  which, 
pollutants  are  dispersed  into  the  atm^hef^lfThis  subsection  evaluates  the  effect  on  risk 
of  the  upperbound  emission  ratqS;|n  conjparisbh  with  the  average  expected  emission  rates. 
The  average  expected  (base  cas^arid^asonable  worst  case  (sensitivity  case)  emission  rates 
were  presented  in  Section;S||"able  S||»  Base  case  emission  rates  were  used  to  calculate  the 
risks  presented  in  Section  l5  ;i|d*,thpefore,  represent  those  risks  associated  with  expected 
operating  conditions.  For  purposes  of  comparison,  the  risks  based  on  sensitivity  case 
emission  rates  are  presented  in  Tables  11-1  through  11-4,  which  are  located  at  the  end  of 
this  section.  Sensitivity  case  emission  rates  were  calculated  for  the  inorganics,  the  criteria 
pollutants,  and  dioxins/furans.  As  discussed  in  detail  in  Section  5,  there  were  insufficient 
data  to  determine  sensitivity  case  emission  rates  for  the  remaining  organics. 


11.3.1.1  Carcinogenic  Risk 

As  with  the  results  under  base  case  emissions,  total  lifetime  carcinogenic  risk  ranged  from 
one  to  two  orders  of  magnitude  less  than  the  IE-06  risk  criterion  considered  as  the 
"acceptable"  risk  level  in  the  Final  Decision  Document  (Woodward-Clyde,  1990).  Resident- 
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A  demonstrated  the  highest  total  lifetime  risk  (6.14E-08)  of  all  the  four  scenarios  (Table  11- 
1).  Breast  milk  ingestion  (infant)  and  inhalation  (child)  accounted  for  32.6  percent  and  40.4 
percent,  respectively,  and  overall  the  infant  represented  59  percent  of  this  risk  (Table  11-2). 
The  same  distribution  pattern  of  risk  by  pathway  and  subpopulation  (i.e.,  infant  and  child) 
was  observed  for  the  Resident-B  and  Farmer  scenarios,  although  the  total  risk  estimates 
were  lower  (data  not  shown).  The  worker  carcinogenic  risk  was  primarily  driven  by 
inhalation  (data  not  shown).  Although  Resident-A  showed  the  highest  risk  in  this  analysis, 
the  total  value  of  6.14E-08  is  well  below  the  level  of  concern. 

11.3.1.2  Noncarcinogenic  Risk 

Noncarcinogenic  hazard  indices  (HI)  exceeded  u$py  in  twBl§B»narios  under  sensitivity  case 
emissions  conditions  (Table  11-3).  Adult,  ch|tjjf  infant  HI  values  in  the  Resident-A 
scenario  were  1.8,  3.9,  and  2.6,  respective|^n;:The51l|h|or  the  child  in  the  Farmer  scenario 
also  exceeded  unity  (1.4). 

In  situations  where  the  hazard  infjix  EPA  (1989a)  guidance  recommends  re- 

evaluation  of  the  contributioiijSiBgfeiiriii^dual  chemicals  by  toxicity  endpoint  and  exposure 
pathway.  A  hazard  index  $fj|.0  is  g||prally  considered  by  EPA  (1989a)  as  a  benchmark  of 
concern  for  noncarcinogenic  e^^pHen  evaluating  large  groups  of  chemicals  with  differing 
toxic  endpoints  across  many  exposure  pathways.  This  benchmark  approach  conservatively 
assumes,  for  risk  assessment  purposes,  that  all  noncarcinogenic  effects  are  additive,  which 
in  fact,  may  not  be  true  (e.g.,  the  individual  chemicals  may  be  affecting  different  target 
organs  and  providing  different  adverse  health  effects).  For  initial  assessment  of 
noncarcinogenic  health  effects  potential,  this  approach  is  useful,  since,  if  the  HI  is  less  than 
1,  there  is  increased  confidence  in  the  conclusion  that  noncarcinogenic  health  effects  are 
unlikely.  However,  it  is  justifiable  from  a  scientific  viewpoint  to  more  carefully  assess  the 
actual  toxic  endpoints  as  well  as  other  contributing  factors  when  the  HI  exceeds  unity. 

An  evaluation  of  the  contributing  exposure  pathways  and  chemicals  is  summarized  in  Table 
11-4.  The  distinguishing  features  of  this  analysis  were  the  following: 
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Inhalation  was  the  major  contributing  exposure  pathway  for  all  subpopulations 
(>99%  in  all  cases). 

Four  substances  were  consistently  responsible  for  elevating  the  HI  (percent 
contribution  to  total  hazard  index)  above  unity  in  all  cases: 

barium  (50%) 
silver  (29%) 
selenium  (12%) 
sulfuric  acid  mist  (5%) 


For  the  following  reasons,  it  is  suggested  that  the  excursions  above  unity  of  the  hazard 
indices  under  sensitivity  case  emissions  conditions  are;Ji©t  of  concern: 


In  all  cases,  inhalation  exposure.:#'  bariuml|pntributed  approximately  50 
percent  to  the  hazard  index  in  ;#pi  §j$inario.  To  a  lesser  degree,  but  in  a 
qualitatively  similar  manner,  siiH$||fpci  selenium  also  contributed  to  these 
values.  The  sensitivity  casg^missi8i|pjte  for  barium  was  calculated  to  be 
approximately  20,000  fold  ^^^|tha#iits  base  case  rate  (refer  to  Appendix 
5 A).  This  was  an  extremely  ^ia||fyalive  and  unlikely  estimate  for  the  worst 
case  emission  rates,  jp  V 

Sensitivity  enhssiori§Fi|||s '  #P§arium  and  several  other  metals  were  based 
upon  EPA  Tieiil|||iM^,(EPA,  1989b).  If  expected  emission  rates  for  a 
single  metal,|pm  1  are  below  these  values,  EPA  does  not  require 

more  rigorouiidispersiin  modeling  and  risk  assessment.  Therefore,  the  Tier 
II  guidance  valiiS|^p?assumed  as  the  absolute  worst  case  emission  rates  for 
all  metals  specifidSfby  EPA  for  which  the  Tier  II  values  exceeded  the 
maximum  values  based  on  the  waste  stream  data  and  the  average  of  all  test 
burn  runs  (acceptable  and  unacceptable).  The  metals  evaluated  were 
antimony,  barium,  beryllium,  cadmium,  lead,  mercury,  silver,  thallium.  The 
maximum  values  for  barium  and  silver  from  the  test  burn  and  waste  stream 
values  are  the  same  order  of  magnitude  as  the  base  case.  Generally,  there 
will  be  an  approximately  linear  relationship  between  hazard  index  and 
emission  rate.  Therefore,  it  can  be  anticipated  that  the  hazard  index  would 
be  substantially  lower  if  more  realistic  worse  case  emissions  rates  had  been 
used. 


Chronic  inhalation  reference  doses  were  used  to  calculate  the  hazard 
quotients  for  all  metals  and  organics,  even  though  the  true  exposure  duration 
for  the  SQI  is  one  of  a  subchronic  nature  (i.e.,  less  than  7  years).  If  one 
recalculates  the  hazard  quotients  with  subchronic  reference  doses,  which  in 
themselves  are  still  highly  conservative,  the  hazard  quotients  will  decrease  by 


533C/S11 


11-7 


1/14/91 


at  least  one  order  of  magnitude.  Barium  has  a  subchronic  inhalation 
reference  dose  of  IE-03  mg/kg/day  and  a  chronic  reference  dose  is  IE-04 
mgAg/day  (EPA,  1990).  Therefore,  under  identical  exposure  conditions,  the 
hazard  quotient  for  barium  would  decrease  by  one  order  of  magnitude.  By 
the  same  rationale,  selenium  and  silver  inhalation  RfDs,  which  were  derived 
from  occupational  exposure  limits  (OELs)  assuming  a  chronic  inhalation 
exposure  duration,  also  can  justifiably  be  increased  by  an  order  of  magnitude. 
Consequently,  the  hazard  indices  in  all  of  the  scenarios  that  exceeded  one  can 
be  effectively  reduced  by  an  order  of  magnitude  (refer  to  HI  algorithm  in 
toxicity  assessment,  Section  9)  so  that  the  expected  range  of  hazard  indices  in 
Table  11-4  would  be  0.14  to  0.40  instead  of  1.4  to  4.0. 


n-3-2  Adult  Inhalation  Carcinogenic  Risk  in  Off-Site  Exposure  Scenarios 


Adult  inhalation  carcinogenic  risk  was  not  addressed  in^the  off-site  exposure  scenarios 
(Resident-A,  Resident-B,  and  Farmer).  The  r?itio]$j|le  for  this  exposure  assumption  was 
previously  explained  in  Subsection  10.1.1.  Howev^|||t  was  decided  to  evaluate  this  exposure 
pathway  separately,  under  both  base  casd(^ll’:i^.)t|isii|i^ty  case  emissions  conditions,  so  that, 
this  individual  risk  estimate  could  b|;:|iscul®dihould  the  issue  arise. 

Table  11-5  summarizes  the  res;qft|7:^lfch  were  determined  using  the  equivalent  exposure 
assumptions,  modeling  patjimetersiand^ioxici ty  criteria  employed  in  the  estimation  of 
inhalation  carcinogenic  risl^^hifen  and  infants  in  the  three  off-site  scenarios.  The 
maximum  adult  inhalation  carcinogenic  risk  calculated  for  the  Resident-A  scenario  under 


base  case  and  sensitivity  case  emissions  conditions  was  7.5E-09  and  2.2E-08,  respectively. 
These  relative  risks  are  between  one  and  two  orders  of  magnitude  less  than  the  "acceptable" 
risk  level  of  IE-06  defined  in  the  Final  Decision  Document  (Woodward-Clyde,  1990).  It  is 
evident  that  even  if  these  risks  were  to  be  added  to  the  total  lifetime  risks  calculated  under 
the  assumptions  of  the  original  scenarios,  the  resultant  total  risks  would  still  be  less  than  the 
level  of  concern. 
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11.4  CONCLUSIONS 


Based  on  an  analysis  of  the  uncertainties  and  assumptions  in  the  exposure  assessment  and 
on  the  results  of  the  sensitivity  analysis,  it  can  be  concluded  with  reasonable  confidence  that 
the  SQI  proposed  to  incinerate  Basin  F  liquid  waste  at  RMA  poses  neither  a  significant 
carcinogenic  nor  noncarcinogenic  health  risk  to  the  most  exposed  public  (off-site)  or  the 
most  exposed  worker  (on-site). 
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Table  11-1 


Comparison  of  Total  Lifetime  Carcinogenic  Risk 
Estimated  For  the  SQI  Under  Base  Case  and  Sensitivity  Case  Emissions  Conditions 


Carcinogenic  Risk 

Exposure  Scenario 

Base  Case 

Sensitivity  Case 

Resident-A 

Adult 

8.00E-11 

3.15E-10 

Child 

8.51E-09 

2.49E-08 

Infant 

6.81E-09  .df 

3.62E-08 

Total 

■HBBBBB 

6.14E-08 

Resident-B 

Adult 

6.88E-1U 

2.59E-10 

Child 

3.98E-09 

Infant 

5.78E-09 

Total 

,;|ifH|2.5H9 

1.00E-08 

Farmer 

Adult  S 

9.93E-10 

Child  =#j| 

111 

9.08E-09 

Infant 

Ifc.  ,if  2.51E-09 

1.46E-08 

Total 

5.92E-09 

2.47E-08 

Worker 

Adult 

7.64  E- 10 

2.24E-09 
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Table  11-2 


Distribution  of  Carcinogenic  Risk  By  Pathway  For  the 
Resident-A  Scenario  Under  Sensitivity  Case  Emissions  Conditions 


Route  of  Exposure 

Percent  of  Lifetime 
Carcinogenic  Risk 

Adult 

Inhalation 

NA 

Ingestion 

0.5 

Vegetable 

0.2 

Milk 

0.05 

Beef 

•  <0.01 

Soil/Dust 

Jf  J|s.  0.1 

Fish 

"  '“s  -.  0.2 

Dermal  llff* 

^  <0.01 

Child  jlife.  ’I 

r 

Inhalation  .iiiH 

y  40.4 

Ingestion 

0.1 

Vegetable  :;;|C  ';^|| 

0.03 

Milk  ‘5,. -v 

0.02 

Beef 

<0.01 

Soil/Dust 

0.06 

Fish 

0.03 

Dermal 

<0.01 

Infant 

Inhalation 

26.4 

Breast  Milk 

32.6 

Total  Risk 

6.14E-08 

NA  -  Not  applicable.  Using  assumptions  discussed  in  Section  8,  inhalation  carcinogenic 
risk  was  not  evaluated  for  the  adult  in  any  off-site  exposure  scenarios.  Refer  to 
Section  11.3.2  and  Table  11-5  for  a  separate  evaluation  of  this  pathway. 
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Table  11-3 


Noncarcinogenic  Hazard  Indices  For  the  Four  Exposure  Scenarios 
Under  Sensitivity  Case  Emissions  Conditions 


Resident-A 


Exposure  Scenario 


Total  Hazard  Index 


Adult 

Child 

Infant 

Resident-B 

Adult 

Child 

Infant 

Farmer 

Adult 

Child 

Infant 

Worker 

Adult 


1.75E+00 

3.95E+00 

2.59E+00 


2.74E-01 

6.19E-01 

4.06E-01 


6.15E-01 
1.39E  +  00 
9.10E-01 


1.76E-01 

- - - I 


I 
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Primary  Contributing  Factors  To  Hazard  Indices  Exceeding 
Unity  Under  Sensitivity  Case  Emissions  Conditions 


3 


‘Hazard  indices  exceeded  unity  only  in  the  Resident  A  and  Farmer  scenarios,  as  enumerated  below. 
’For  all  chemicals,  inhalation  exposure  represented  greater  than  99%  of  the  total  hazard  index. 


Table  11-5 


Inhalation*  Carcinogenic  Risk  For  Adult  Resident,  Farmers,  and  Workers 
Under  Base  Case  and  Sensitivity  Case  Emissions 


Inhalation  Carcinogenic  Risk 

Exposure  Scenario 

Base  Case  Emissions 

Sensitivity  Case  Emissions 

Adult  Resident-A 

7.52E-09 

2.19E-08 

Adult  Resident-B 

1.18E-09 

3.44E-09 

Adult  Farmer 

2.64E-09 

7.70E-09 

Worker 

■BH 

2.21E-09 

Exposure  duration  is  adjusted  for  2  years  at  ayepige  dailpl^cposures. 
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